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It has recently been reported that lecithin 
is lacking from stromata of red blood cells of 
the ox, sheep, and goat(1). On the other 
hand, cells of 8 species of non-ruminants all 
contained substantial amounts of lecithin. 
The findings could be correlated with suscep- 
tibility to direct hemolysin of cobra venom. 
The cells of most animals are lysed by venom 
but those of true ruminants (ox, sheep, goat) 
are completely resistant. The venom toxin 
appeared, therefore, to be a lecithinase, and 
susceptibility to its action dependent upon 
presence of lecithin in the cell membrane. It 
was also noted that the erythrocytes of the 
Pecora are distinguished from those of other 
groups of mammals by additional peculiari- 
ties including their remarkably small size(2). 
From a morphological point of view it became 
of particular interest to examine the phospha- 
tides of red cells of the camel, since they are 
unique among mammalian types in being oval, 
rather than circular, discs. When washed red 
cells of a dromedary and of a guanaco were 
tested for susceptibility to direct hemolysin of 
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cobra venom they were quite resistant to lysis. 
The finding suggested that camel red cells 
might lack lecithin. However, when lipid ex- 
tracts of both dromedary and guanaco cells 
were made and subjected to paper chroma- 
tography, large spots corresponding to lecithin 
were found(1), as well as other spots indicat- 
ing presence of appreciable amounts of cepha- 
lins and of sphingomyelin. Enough material 
has not yet been obtained for a properly de- 
tailed analysis of the lipids of camel cells. 
Some additional evidence was secured none- 
theless by allowing venom to act on lipid ex- 
tracts according to the method of Hanahan 
(3). When chromatography was subsequently 
carried out, it was found that most of the leci- 
thin and the cephalins had disappeared, to be 
replaced by spots of slower mobility corre- 
sponding to lysophosphatides. These prelimi- 
nary data indicated that lecithin is probably 
present in the camel red cell and that resis- 
tance to venom in this case may be due to a 
binding of lecithin in such a way that it is 
“unavailable” to venom lecithinase(4). The 
experiments now reported represent an at- 
tempt to examine comparative stability of li- 
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pid complexes of red blood cells. It will be 
shown, with a system of extraction by ether- 
alcohol mixtures, that the stromal phospha- 
tides are extracted much less readily from 
camel cells than from either human or bovine 
cells. The method of extraction employed de- 
rives from that of Macheboeuf as applied to 
plasma lipoproteins(5), and was adopted on 
the suggestion that similar studies might be 
made of various tissues(6). 

Methods. The red cells of citrated or oxa- 
lated fresh whole blood were washed 3 times 
in 0.9% NaCl and the buffy coat removed. 
Lysis was carried out with 10 to 20 volumes 
of water and the ghosts collected by centrifu- 
gation. These were now washed several times 
in 20 volumes of water, until the supernatant 
was phosphorus-free. The washed ghosts 
were then lyophilized and stored at —20°C 
until used. Extractions with ether-ethanol 
were carried out at 4°C on 100 mg lyophilized 
ghosts containing a total of 200 to 300 pg P. 
Separate studies were made of the influence 
of water by adding 0.3 to 0.4 ml HO to 100 
mg lyophilized ghosts. In both cases the ma- 
terial was extracted by mixing in 50 ml cen- 
trifuge tube with 25 ml solvent. This was 
centrifuged and the supernatant collected 
after filtering. An additional extraction with 
25 ml of the same solvent was carried out in 
the same way and the supernatants were 
pooled. The sedimented ghosts were then ex- 
tracted with the next solvent. The first sol- 
vent was anhydrous diethyl ether, and this 
was followed by a series of increasing amounts 
of absolute ethanol in ether, viz., 6%, 12%, 
18%, 24%. Finally, a last extraction was 
performed with CH Cl, : Me OH (2:1) at 
room temperature. Studies were also made 
using a series of ether-methanol mixtures at 
room temperature. Phosphorus was deter- 
mined by the method of Beveridge and John- 
son(7) after appropriate concentration of the 
extracts. The effectiveness of the lyophiliza- 
tion process was examined several times by 
further drying over P.O; and the additional 
loss of water was never more than 3% of 
weight. Chromatography on silicated papers 
of concentrates of many of the extracts was 
carried out as previously described(1). It 
should be emphasized that extractions were 
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carried out as quickly as possible, z.c., time 
elapsing between first exposure of ghosts to a 
solvent and their transfer to the next solvent 
was about 30 minutes. This procedure was 
adopted on the view that the shorter the time 
the less the degree of denaturation. Some 
clumping of ghosts occurred, particularly in 
the solvents containing little or no alcohol. In 
separate experiments with human ghosts ma- 
croscopic clumping was appreciably reduced 
by mixing and grinding in a mortar the dry 
ghosts with twice their weight of Celite, be- 
fore extraction. This step did not result in 
increased removal of phosphatides by the 
ether-alcohol mixtures. Furthermore, the 
Celite remained with the final residue of ghosts 
and interfered with P determinations on those 
residues. It was concluded that use of inert 
dispersing agents was likely to aid little in 
increasing the solvents’ accessibility to the 
cells and might well introduce new errors. 
Moreover, the simple method of direct extrac- 
tion of the ghosts was validated by the repro- 
ducibility of the results and the magnitude of 
the differences that could be shown between 
camel cells and those of other species. 

Results. Fig. 1 exhibits the principal data. 
It can be seen that for lyophilized human and 
bovine cells very little phosphatide is removed 
until the percentage of ethanol reaches 12%. 
Thereafter appears a steady rise in the curve, 
so that with completion of the last (24%) 
ethanol extraction some 45 to 55% of the to- 
tal P has been removed from the cells. On 
the other hand, the corresponding point on 
the curve for camel cells gives a value of less 
than 10%. 

When the cells were moistened with water 
before extraction, liberation of phosphatides 
was enhanced in all cases. Again, however, 
the curve in the case of the camel is less steep 
than for man and ox. Thus, for example, at 
the 12% ethanol level, 24% of the P has been 
extracted from camel cells, whereas 60% has 
been removed from human and bovine cells. 
When lyophilized cells were extracted at room 
temperature with ether-methanol mixtures, 
similar results were obtained (Fig. 2). Rate 
of liberation of phosphatides from camel cells 
once more lags behind those of the other ani- 
mals. 
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FIG. 1. Comparative rates of liberation of phos- 
phatides from red cell ghosts. Ordinate: % of 
total P extracted. Abscissae: Progressive series 
of extractions with solvents as noted. Ether-ethanol 
at 4°C; CHCl,: methanol (2:1) at 25°C. Dotted 
lines: Lyophilized ghosts. Solid lines: Wet ghosts. 

FIG. 2. Liberation of phosphatides from lyophil- 
ized red-cell stromata by ether-methano] mixtures 
at 25°C. 


In view of Chargaff’s studies of complexes 
of acidic phospholipides, e.g., phosphatidyl 
serine(8) it became of interest to see whether 
the neutral choline-containing phosphatides 
were liberated from red cells more rapidly 
than the cephalins. The paper chromatograms 
made of the various extracts of human and 
bovine cells were all that was attempted in 
this respect and no differences in rates of re- 
lease of the individual phosphatide compon- 
ents were observed. No attempt was made, 
however, to distinguish phosphatidyl serine 
from phosphatidyl ethanolamine. In separate 
experiments with human stromata 0.1 M ace- 
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tic acid was incorporated in one set of solvents 
and 0.1 M pyridine in another; the curves of 
removal of P were much the same as those of 
Fig. 1, and the paper chromatographs of the 
extracts showed no preferential removal of 
choline-containing as opposed to amino-con- 
taining lipides. 

As for the effect of water in accelerating re- 
lease of lipid into organic solvents (Fig. 1) it 
is worth noting that this was accompanied by 
appearance of “proteolipid” which was not 
encountered in extracts of dry ghosts. In 
separate éxperiments direct extractions of wet 
and of dry stromata by chloroform-methanol 
(2:1) were compared. When extracts of the 
wet material were evaporated in vacuo to dry- 
ness and the residue then taken up in chloro- 
form-methanol an appreciable amount of in- 
soluble brownish-red material was encoun- 
tered. This corresponds to the protein of 
Folch’s “‘proteolipids,” seen with great regu- 
larity in extractions of wet tissues(9). Ex- 
tracts of dry ghosts were free of such protein 
even though the removal of total phosphorus 
of the cell was virtually complete, and it 
would appear that at least for red cells “pro- 
teolipid” may represent under these experi- 
mental conditions an artefact of denaturation 
rather than a biochemical entity. 


Discussion. The findings could be explained 
either in terms of a firmer binding of the lipids 
of the camel ghost, or as a manifestation of 
some fundamental difference in orientation at 
the surface. Thus, recent studies of the hu- 
man red cell ghost lead to the view that the 
lipid is disposed at or near the outside of the 
membrane(10). Perhaps in the camel this is 
not true, and, if further, the structural ar- 
rangement were such as to restrict the pene- 
tration of organic solvents, the data could thus 
be explained essentially in mechanical terms. 
But the lyophilized material appears micro- 
scopically to be largely amorphous, and the 
shape of the native cell is not seen after addi- 
tion of saline. Also, the curious effect of 
water in accelerating liberation of lipid (Fig. 
1) applies to the camel as well as to human 
and bovine cells. This could conceivably in- 
volve opening of pores even in the denatured 
membrane, but such a mechanical operation 
is probably not the whole story. It has been 
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pointed out, for instance, that “proteolipid” 
appears in extracts of wet ghosts, and this 
would be difficult to account for on a com- 
pletely mechanical view. It seems most prob- 
able that the experimental extraction proced- 
ures employed do give an indication of relative 
stability of certain undefined lipid complexes 
in the red cell membrane. The data may 
therefore be regarded as evidence for the view 
that insusceptibility of camel cells to cobra 
hemolysin is due to a peculiar binding of leci- 
thin which makes it inaccessible to venom en- 
zymes. The idea has been advanced many 
times in connection with the old observation 
that the red cells of some species, notably the 
ruminants, are resistant to venom(4), but 
never examined experimentally. In any case, 
either the binding or the spatial orientation of 
red cell phosphatides, or both, would appear 
to be different in the camel. At the same time 
it is clear that detailed analysis of these lipids 
is desirable; the possibility exists, however 
unlikely, that the findings may be further re- 
lated to a novel sort of phosphatide. 

It is impossible to say whether phosphatide 
composition or structure may be related to the 
morphological features of size and shape. But 
it can be noted (a) that appreciable amounts 
of lecithin cannot be found in the red cells of 
the 3 species of true ruminants thus far ex- 
amined, while the cells of this group as a 
whole are relatively small in size, and (b) that 
a peculiarity of lipid constitution appears to 
exist in the camel cell, which has an oval 
shape. 

The method of extraction may perhaps, 
with suitable modifications, be applied to 
pathological tissues, e.g., in human diseases 
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involving the erythrocyte it is possible that 
lesions of the red cell membrane could exist 
that might be manifested in terms of the ease 
or difficulty with which bound lipids are lib- 
erated. 

Summary. The red cells of the camel are 
like those of true ruminants in being resistant 
to lysis by cobra venom but dissimilar in ap- 
pearing to contain lecithin. The idea that the 
resistance of camel cells to venom is due to 
the binding of lecithin so that it is inacces- 
sible to venom enzymes has been tested in 
terms of comparative extractability into ether- 
ethanol mixtures of phosphatides from cells of 
man, ox, and camel. The lipids were liberated 
much less readily in the case of the camel, 
indicating that the lipid complexes are dif- 
ferent and more stable. 
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A number of workers have reported re- 


cently on lactogenic effects of reserpine in 
several species, i.¢. rabbits(1,2), rats(3,4) 


and man(5,6). However, in this laboratory, 


Tindal(7) has investigated mammogenic or 


* The author is grateful to Mr. C. W. S. Taylor 
of Ciba Labs., Horsham, Sussex, for wilt of reserpine 
(Serpasil) to Dr. S. J. Folley. 
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RESERPINE AND MAMMARY INVOLUTION 


FIG. 1. Sections from left abdominal mammary 

glands of lactating rats treated with saline (left), 

and reserpine (right), 100 yg daily, for 9 days 

after removal of the pups on 4th day of lactation. 

Involution is retarded after treatment with reser- 
pine. 


lactogenic potency of this compound in rats, 
rabbits, goats and pigeons, without obtaining 
any positive effects. In view of the somewhat 
conflicting evidence with regard to effects of 
this substance on mammary gland, it was of 
interest to study the effect of reserpine on 
mammary gland involution in the lactating 
rat after weaning, as investigated by Benson 
and Folley(8). These authors have demon- 
strated that oxytocin, like prolactin, will in- 
hibit mammary gland involution in rats after 
weaning, and it seemed possible, in view of 
the alleged lactogenic action of reserpine, that 
the administration of this substance would 
inhibit mammary regression in a similar man- 
ner. 

Materials and methods. 24 Hooded Nor- 
way rats were used, 2-3 months old, under- 
going first lactation. Stock colony diet(9) 
with addition of powdered milk, was fed ad 
lib, and food consumption was recorded daily. 
After parturition all litters were reduced to 
9 pups on first day of lactation, and to 8 on 
second day. Litters were weighed daily to 
check lactational performance of the mother, 
and the mothers were also weighed daily. 
Pups were removed on 4th day of lactation, 
when treatment began. Reserpine was ad- 
ministered, as supplied, in a stabilised aque- 
ous vehicle. The animals were divided into 
3 groups of 8, one group receiving 50 pg reser- 
pine daily; the second group 100 pg reserpine 
daily, and the third group served as a control 
and received 0.5 ml saline daily. The sub- 
stance was in all cases administered as a single 
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daily injection, subcutaneously, and treatment 
was carried out for 9 days, the animal being 
killed on the 13th day after parturition. His- 
tological study of mammary tissue was then 
carried out exactly as described by Benson 
and Folley(8), the estimation of percentage 
parenchyma again being used as a quantita- 
tive method of assessing alveolar maintenance. 
In addition various other organs were re- 
moved, weighed, and preserved for further 
study. 


Results. The mammary glands of both 
reserpine treated groups exhibited a very high 
degree of alveolar maintenance, which was 
particularly marked in the group receiving 
highest dose of reserpine. This is in contrast 
to the advanced state of regression observed 
in mammary glands of the saline treated group 
(Fig. 1). In Table I the values for percent- 
age parenchyma of all 3 groups are given; the 
figure of 67.4 for the higher dosage group is 
remarkably high, being comparable to the best 
results obtained in this type of experiment, 
after treatment with a combination of pro- 
lactin and growth hormone (STH) (8). 

Vaginae, uteri and ovaries. Uteri of un- 
treated animals were significantly heavier 
than those from the reserpine treated groups, 
but there was no significant difference between 
weights of ovaries (Table I). Histological 
examination of uteri and ovaries from all 3 
groups has also been carried out. No appar- 
ent differences could be detected in the ovar- 
ies, but the observations made on uteri indi- 
cate that ovaries differed functionally, and 
suggest an explanation for uterine weight dif- 
ferences. Thus, a number of uteri from un- 
treated group exhibited a prooestrous or oes- 
trous condition(10), a finding which was con- 
firmed when the vaginae from the same ani- 
mals were examined. In contrast, vaginae of 
all reserpine treated animals showed marked 
vaginal mucification, which compares favor- 
ably with results reported by Benson and 
Folley(8) after oxytocin administration, and 
appears to confirm the assumption that pro- 
lactin (LTH) has been released as a result 
of reserpine treatment. Evidence for luteo- 
trophic activity following reserpine adminis- 
tration has previously been reported by Bar- 
raclough(11). 
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Effect of Reserpine Treatment on Mammary Gland Regression, Body Weight, Organ Weights and Food Consumption, in the Rat after 


TABLE I. 


Weaning at the Fourth Day of Lactation; 8 Rats per Group. 


Mean daily 


food con- 
sumption (2) 


% decrease 


in body wt 


Yo 


parenchyma 


Mean wt (mg) /100 g body wt 


Thyroids 


over treat- over treat- 
ment period Thymus Adrenals Uterus Ovaries 
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Other organs. A study of organ weights of 
the 3 groups (Table I) reveals that reserpine 
has caused a highly significant increase in 
adrenal weight over the 9 day treatment pe- 
riod, as compared to control values, with a 
corresponding highly significant decrease in 
thymus weight. This is again particularly 
marked in the group receiving higher dose of 
reserpine. There is no significant difference 
between weights of thyroids of treated and 
untreated groups. 

Body weight. The smaller dose of reser- 
pine had little effect on food intake and body 
weight over the treatment period when com- 
pared to the control group. The higher dose, 
however, greatly affected appetite, the food 
intake being approximately halved, and a 


much larger percentage body weight decrease ~ 


was apparent in this group over the treatment 
period (Table I). 


Discussion. The results of this experiment 
appear to be in harmony with the conclusion 
of several authors that reserpine exerts a lac- 
togenic effect under certain experimental con- 
ditions(1-6). Its effect in this experiment 
parallels that of synthetic oxytocin or a com- 
bination of prolactin and STH administered 
under similar circumstances(8). How this 
effect is obtained is not clear however. It is 
possible, as suggested by several authors 
(1,3,4) that reserpine stimulates release and/ 
or secretion of prolactin by the anterior pitui- 
tary. On the other hand, since reserpine is 
considered to exert its general depressant ef- 
fects by way of the central nervous system 
(12) it might be postulated that its lactogenic 
effect is due to its action in suppressing an in- 
hibitory centre in the hypothalamus controll- 
ing release of prolactin. Such a centre has 
been postulated for the control of FSH re- 
lease(13). Finally, of course, there is the 
possibility that the effect of reserpine is due 
to a direct action of the substance on the 
mammary gland, though this seems unlikely 
in view of the supplementary observations 
made on vaginae and uteri. Further experi- 
ments are in hand, however, to investigate 
these possibilities. 

The pronounced effect of the compound on 
thymus and adrenal weights is of interest, and 
it would appear that in this experiment reser- 
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pine has markedly stimulated ACTH release. 
This is in agreement with the findings of 
Gaunt ef al.(12) in the rat, and Harwood 
and Mason(14) in the monkey, though it 
has also been suggested that reserpine will 
block the stress induced release of ACTH in 
the rat, provided that steps are taken to block 
its initial stimulatory action (Wells, Briggs 
& Munson,15). These authors observed no 
change in adrenal weight as a result of reser- 
pine administration, a finding also reported 
by Fluhmann(16). 

The apparent effect of reserpine in caus- 
ing a discharge of ACTH in this experiment 
is unlikely to have had any significant effect 
on mammary gland regression however, since 
it has recently been demonstrated that ACTH 
administration has only a slight effect on this 
process in normal lactating rats after wean- 
ing(17). 

The absence of any effect on thyroid weight 
is probably of little significance in view of the 
comparatively short treatment period, though 
Fluhmann(16) has reported a marked de- 
crease in thyroid weight following reserpine 
administration to young rats over a period of 
44-49 days. 

Summary. 1. The effect of reserpine on 
mammary gland regression after weaning in 
the rat has been studied. Two groups of 8 
lactating rats received 50 wg and 100 yg of 
reserpine respectively for 9 days after removal 
of pups on 4th day of lactation. A third 
group of 8 animals which received saline in- 
jections served as a control. Histological ex- 
amination of the mammary glands at the end 
of this period revealed that reserpine admin- 
istration caused a marked inhibition of 
mammary involution, this being particularly 
pronounced at the higher dose level. 2. 
Reserpine also caused a pronounced decrease 
in food intake and a considerable loss in body 
weight at the higher dose level. 3. Both lev- 
els of reserpine administration resulted in a 
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significant increase in adrenal weight and a 
concomitant decrease in thymus weight. 
Uterine weight was also reduced but ovarian 
and thyroid weight was unaffected. 4. His- 
tological examination of vaginae and uteri re- 
vealed that whereas all reserpine treated ani- 
mals showed evidence of LTH release (vaginal 
mucification), several of the untreated ani- 
mals were cycling normally again, their uteri 
and vaginae exhibiting prooestrous or oestrous 
conditions. 5. These results are discussed in 
relation to the possible mechanisms by which 
reserpine may exert its effects. 
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Purification and Isolation of Rheumatoid Factor. 


(24417) 


R. R. WrturaMs, L. C. Stewart AND J. C. Jenkins (Introduced by A. M. Shanes) 
Nat. Inst. of Arthritis and Metabolic Diseases, N.I.H., P.H.S., Bethesda, Md. 


Serum of patients with rheumatoid arth- 
ritis has been shown to agglutinate bacteria 
(1) and particles or cells sensitized with hu- 
man or rabbit gamma globulin. Sensitized 
sheep erythrocytes(2) have been commonly 
used to demonstrate activity of rheumatoid 
agglutination activating factor. Partial puri- 
fication has been achieved by column chro- 
matographic separations of serum proteins of 
rheumatoid serum on anionic and cationic cell- 
ulose ion exchangers(3). Also purification 
has been achieved by dissociation of com- 
plexes precipitated from rheumatoid serum by 
heated human Cohn Fraction II preparations 
followed by differential ultracentrifugation 
through a sucrose density gradient(4). Svartz 
et al.(5) used cold precipitable globulins of 
rheumatoid serum as starting material for 
fractionation on carboxymethyl cellulose to 
yield an apparently homogeneous protein with 
a sedimentation coefficient of 18.7. Concen- 
tration of one of the preparations(5) was too 
low to demonstrate homogeneity in the ultra- 
centrifuge unequivocally, and no concentra- 
tion dependence data were given for the sedi- 
mentation coefficient. The other preparation 
(4) was obtained after dissociation at pH 3.0. 
At this reaction the material eventually loses 
all activity(3). As a result, even brief ex- 
posures to pH 3.0 buffers might be expected 
to produce some denaturation of the rheu- 
matoid factor. It, therefore, seemed useful 
to present some data on an active material 
prepared by a different method. Furthermore, 
we are able to present some precise quantita- 
tive data(6,7) on the relative specific activi- 
ties of the material at successive stages of 
purification. 

Methods and materials. Relative specific 
activities were determined by a method we 
developed, which measures inhibition of he- 
molytic activity of sensitized Newcastle Dis- 
ease Virus particles by the rheumatoid fac- 
tor(6,7). By using this method relative spe- 
cific activities of the material at successive 
stages of purification with a precision of + 


5% for duplicate samples can be determined. 
The method of fractionation proceeded as fol- 
lows: 500 ml of serum derived from 550 ml 
of rheumatoid plasma by thrombin treatment _ 
was dialyzed against 0.01 M phosphate pH 
5.8. The resulting euglobulin was redissolved 
in phosphate buffered isotonic saline and dia- 
lyzed with 2 g of diethylamino-ethyl (DEAE) 
cellulose against 0.01 M phosphate pH 7.9. 
93% of the activity was adsorbed. The 
DEAE and adsorbed euglobulin were trans- 
ferred to the top of 18 g DEAE column for 
elution by stepwise increased salt and de- 
creased pH method of Lospalluto and Ziff 
(3). An active peak emerged during elution 
with 0.15 M phosphate pH 5.0. An aliquot 
of this material was adjusted to 0.1 M phos- 
phate pH 7.4 by dialysis after freeze drying. 
The remainder was dialyzed against 0.1 M 
phosphate pH 4.4. After concentration by 
freeze drying to 30 ml, 20 ml of this solution 
was chromatographed on 10 g of carboxy- 
methylcellulose (CMC) equilibrated with pH 
4.4 phosphate. A sharp peak containing the 
activity emerged at pH 4.4. This material 
was freeze dried and dialyzed against 0.1 M 
phosphate pH 7.4. 

Results. Fig. 1 shows sedimentation pat- 
terns of DEAE activity peak and CMC ac- 
tivity peak. The DEAE material shows 4 
components with sedimentation coefficients of 
approximately 7, 9, 19, and 30. The CMC 
e!uate shows at least 90% of SS 


_ 18.8 com- 


20,w 


A 


Sedimentation diagrams of rheumatoid 


IRAE, al. 

factor preparations: (A) Activity peak eluted 

from DEAE, (B) 1A after elution from CMC at 

pH 4.4. Both pictures taken after 24 min. at 
59,780 r.p.m. 
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TABLE I. Sensitized NDV Hemolysis Inhibition Activity. 


Specitie 

Nitrogen Specifie activity activity 

Fraction Units/ml (mg/ml) (units/mg N) x serum 
Serum 37 11.2 3.3 iL 
Euglobulin 118 82 143 43 
DEAE, pH 7.4 628 98 641 194 
" pH 4.4 656 1.08 607 181 
CMC 1751 98 1786 543 


ponent and a small component with S| 


greater than 30, possibly an aggregate of the 
18.8 component. A trace of slow material is 
also seen. The peak is sharper and more 
homogeneous in appearance than the material 
prepared by Edelman e¢ al.(4). 

Relative specific activities at successive 
stages of purification are shown in Table I. 
Fourteen per cent of the nitrogen and 39% 
of the activity were recovered from the CMC 
column. The material shown in Fig. 1B had 
a sensitized sheep cell agglutination titre of 
E5120: 

Fig. 2 shows the data on concentration de- 
pendence of sedimentation coefficient, and the 


18.0 
s s 
°o 
™“ 
” 
17.0 
rage 1 2 3 4 5 6 7 
PROTEIN CONCENTRATION (mg-/ml) 
FIG. 2. Concentration dependence of sedimenta- 


tion coefficient of major peak from Fig. 1B. 


extrapolated value of 18.8 S at zero concen- 
tration. 

Summary. A method for purification of 
the rheumatoid factor has been presented. A 
euglobulin fraction of serum was chromato- 
graphed on DEAE cellulose. The resulting 
active fraction was further chromatographed 
on carboxymethyl] cellulose to yield a prepa- 
ration which contained more than 90% of a 
component with a sedimentation coefficient of 
18.8. Relative specific activities at successive 
stages of purification were determined. Con- 
centration dependence data for the sedimen- 
tation coefficient were obtained. 
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It is well established that large quantities 
of volatile fatty acids (VFA) are produced 
within the rumen by microbial action on cellu- 
lose, starch and protein. One of the first re- 
quirements for an understanding of the bio- 
chemistry of ruminant metabolism is a knowl- 
edge of quantities and proportions of the VFA 
produced and absorbed and the form in which 
these rumen substances enter the blood of the 
host animal. Numerous technics have been 
devised to gain a measure of these values; 
however, these methods have measured only 
one part of this system, 7.e., either production 
or absorption(1). That variable results have 
been obtained is not unexpected in view of the 
dynamic nature of this system where produc- 
tion and absorption occur continuously and 
simultaneously. Rumen perfusion was_ se- 
lected as a technic for measuring simultane- 
ously both total production and absorption of 
VFA. 

Methods. The rumina of 2 mature goats 
weighing approximately 60 lb were perfused 
with heparinized blood by use of pump-oxy- 
genator apparatus similar to one used previ- 
ously in this laboratory(2). These animals 
had been fed a diet of mixed hay and concen- 
trate ad lib. for 6 weeks prior to the perfusion 
studies. Labeled substrates were added to 
rumen contents immediately prior to perfu- 
sion, 50 pwc of n-butyrate-1-C'4Na being used 
for perfusion 40 and 50 uc of propionate-1-C'™ 
Na in perfusion 42. The 2 perfusions, 40 and 
42, were conducted for 80 and 115 minutes 
respectively. Organic acids in blood and ru- 
men fluid were measured by modification of 
the chromatographic technic of Wiseman and 
Irvin(3). Blood glucose was determined by 
the method of Somogyi(4). Analysis for to- 
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tal acetone bodies in blood was performed 
by procedure of Weichselbaum and Somogyi 
(5). Acetoacetic acid was isolated by method 
of Cavallini and Frontali(6). Measurements 
of radioactivity were made with a windowless 
flow tube used in the Geiger region. Osazones 
were prepared for estimating activity in blood 
glucose. The carboxyl carbon of B-hydroxy- 
butyrate was removed by oxidation and 
counted as barium carbonate. 


Results. Rates of blood flow through the 
isolated rumina were 65 ml/minute in perfu- 
sion 40 and 150 ml/minute in perfusion 42. 
These values are equivalent to 25 to 50% of 
the estimated in vivo rate(7). 


Quantitative results for perfusion 40 are 
presented in Table I. The total increase in 
organic acids in the isolated system amounted 
to 2392 mg of which 31% is represented by 
increase in blood. Similarity in molar per 
cent of the organic acids in rumen fluid at 
beginning and end of perfusion, is indicative 
of maintenance of a nearly normal physiologi- 
cal state. Comparison of increases of in- 
dividual acids in blood with increases in ru- 
men fluid shows that, with the exception of 
formate and lactate, the increases in blood 
were a reflection of production of these acids. 

The perfused rumen utilized glucose, blood 
concentration decreasing from 43.8 to 29.3 
mg % during experiment. No change oc- 
curred in level of acetone bodies in the blood. 

The quantitative results from perfusion 42 
are presented in Table I. In an effort to re- 
move vasaconstrictive substances blood was 
passed through the isolated liver of the goat 
for 10 minutes before attaching the blood sup- 
ply to the vascular system of the rumen. This 
resulted in an increased concentration of cer- 
tain blood metabolites. 

The ruminal tissue utilized a total of 844 
mg of glucose during perfusion, blood concen- 
tration decreasing from 265 mg to 171 mg/_ 
100 ml of blood. Blood levels of acetone 
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TABLE I. Changes in Blood and Rumen Metabolites during Perfusion of Rumina of Goats. 
SS  eeeESELylEYUICO e——E—————— 


Organie acids in 
rumen liquor at 


Organic acids in ru- 
men liquor at end of 


beginning of perfusion perfusion Increasesin Total changes 
Blood and rumen organic in blood metab- 
rumen Molar % Molar % acidsduring  olites during 
metabolites mg/100 ml of total mg/100ml of total perfusion,mg perfusion, mg 
Perfusion No. 40 (time, 80 min.) + 
Glucose —145.0 
Acetone bodies* 0 
Organic acids 
Valerie 27.8 2.4 41.3 2.9 107.2 24.7 
Butyric | 139.8 14.2 173.5 14.4 267.9 106.5 
Propionic 142.0 17.2 180.5 17.8 305.7 117.2 
Acetic 397.0 59.9 477.8 58.3 641.2 362.6 
Formie 4.8 AS) 6.1 a!) 10.3 32.9 
Lactic 53.2 5.3 67.6 5.4 114.3 334.6 
Totalorganic acids 764.5 946.7 1446.6 945.6 
Perfusion No, 42 (time, 115 min.) ¢ 
Glucose —843.8 
Acetone bodies* — 87.8 
Organic acids 
Valeric 10.1 aN 11.2 1.0 18.4 18.0 
Butyric 14.5 1.9 32.9 2.5 299.8 43.6 
Propionic 152.2 23.3 229.5 21.0 1260.3 219.8 
Acetic 391.4 73.8 669.2 75.7 4529.1 488.3 
Formic .0 0 0 —33.7 
Lactic 0 .0 .0 154.9 
Totalorganicacids 568.2 942.9 6107.6 924.7 


* Acetone bodies caleulated as g-hydroxybutyrie acid. 
¢t Total volume: rumen fluid — 1630 ml, blood = 900 ml. 


794 ml, blood = 1000 ml. 


bodies decreased from 55.2 to 45.5 mg % dur- 
ing perfusion. As in the previous perfusion 
there was marked production of organic acids 
in the isolated system. However, in this case 
formate and lactate were not present in the 
rumen fluid. 

Distribution of recovered C™ label and spe- 
cific activity (S.A.) of the various metabolites 
following perfusions 40 and 42 is shown in 
Table II. Distribution of label among the 
organic acids in rumen fluid at completion of 
perfusion 40, where labeled butyrate was 
added, (Table II) shows that there was re- 
cycling of the carboxy] carbon of butyric acid. 
Conversions of this nature have been reported 
previously (8,9). The greatest quantity of re- 
covered label in blood was found in butyric 
acid. All blood acids measured, except formic 
acid, contained some of the C™ label. Com- 
parison of the S. A. of acids in rumen fluid 
with the same acid in blood shows that the 
specific activities of blood butyrate and lac- 
tate were higher than those of these same acids 
in the rumen. On the other hand, specific ac- 


+ Total volume: rumen fluid = 


tivities of acetate, propionate and valerate 
were greater in rumen fluid. Only a trace of 
label was found in 6-hydroxybutyrate in blood 
while none was found in acetoacetate or blood 
glucose. 


Distribution of radioactivity in the rumen 
at completion of perfusion 42 where labeled 
propionate was added, (Table II) shows that 
a minor amount of the propionate was con- 
verted into acetic and valeric acids. Within 
blood 97.3% of the recovered label was in 
propionic acid. It is interesting to note that 
formate in the blood perfusate was labeled 
even though there was utilization of formate 
by the ruminal tissue. 


Discussion. Large quantities of organic 
acids are normally produced in the rumen. 
The results reported herein, where total pro- 
duction and absorption were measured, show 
that on a diet of hay and grain, relative rates 
of production of the VFA are acetate>propi- 
onate>butyrate>valerate. With the excep- 
tion of formate and lactate, absorption of or- 
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TABLE II. Distribution of Ct Label, and Specitie 

Activity of Various Metabolites following Perfu- 

sion of Goat Rumina in Which n-Butyrate-1-C¥ Na 

or Propionate-1-C* Na Had Been Added to the Ru- 
men Contents. 


a a 
Be ge BES Specifie activity 
Metabo. ERED #S= Rumenfiuid Blood 
lites Ge Ra ASS — CPM/m—— 
Exp. 40—Labeled butyrate added* 
Osazones 0 
Acetoacetie acid 0 
g-Hydroxybutyric trace 31 
acid 
Co, ” 
Organic acids 
Valerie 1.8 1.3 185 104 
Butyric 61.9 72.4 742 1083 
Propionic 10.6 8.4 100 97 
Acetic 25.8 7.9 59 21 
Formie 0 0 0 0 
Lactie A 9.7 14 25 
Exp. 42—Labeled propionate addedt 
Osazones 0 
Organic acids 
Valeric if sit 5396 4048 
Butyric 0 0 0 0 
Propionie 95.5 97.3 26,689 35,870 
Acetice 3.8 U8 294 13 
Formic 8 501 
Lactie 0 0 


* 81% of added C™ recovered of which 6.3% was 
isolated in blood. 

t+ 70% of added C“ recovered of which 43.7% 
was isolated in blood. 


ganic acids appears to be a reflection of their 
production. 

Utilization of blood formate by ruminal 
tissue is consistent with the findings of Anni- 
son(10) who reported that in ruminants por- 
tal levels of formic acid were no greater than 
peripheral blood concentrations. 

Distribution of label in the 2 perfusions 
shows that recycling of the organic acids in 
the rumen may occur. Conversion of buty- 
rate to other acids was much greater than 
conversion of propionate. It is of interest to 
note that butyrate was converted to propi- 
onate (a pathway which is obscure at this 
time) while propionate was not converted to 
butyrate. 

Comparison of the distribution of label 
and S. A. of organic acids in blood with dis- 
tribution and S. A. of the same acids in ru- 
men fluid indicates direct absorption of the 
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rumen acids per se. The S. A. of butyrate in 
blood was greater than the S. A. of butyrate 
in the rumen at completion of experiment. 
If butyrate was being absorbed per se this 
would be the expected result. Initially all ac- 
tivity was in rumen butyrate and therefore 
butyrate absorbed in the beginning of experi- 
ment had a high S. A. During perfusion the 
S. A. of butyrate in the rumen decreased due 
to production of unlabeled acid and conver- 
sion of butyrate to other acids. Thus after a 
period of time the S. A. of butyrate in blood 
would be greater than the S. A. of this me- 
tabolite in the rumen. We have shown pre- 
viously that butyrate does not pass from 
blood perfusate into the rumen(11). The 
data in perfusion 42 show that propionate 
was also absorbed as such from the rumen. 


Direct absorption of acetate, propionate 
and valerate in perfusion 40 is supported by 
the fact that the S. A. of these acids in blood 
was lower than the S. A. of the same acid in 
the rumen fluid. In this perfusion the amount 
of label found in lactate present in blood per- 
fusate suggests that it arises from an unknown 
mechanism in addition to direct absorption. 
This concept is also supported by comparison 
of S. A. of lactate in rumen fluid with that in 
blood. 


In perfusion 42 neither rumen nor blood 
butyric acid were labeled and the blood lac- 
tate was not labeled. However, in perfusion 
40 where both blood and rumen butyrate were 
highly labeled the rumen and blood lactate 
were labeled with the latter having the higher 
S. A. The greater S. A. of blood lactate in- 
dicates that a part of the blood lactate arose 
by a mechanism other than direct absorption. 
Black et al.(12) estimated that one-half to 
two-thirds of glucose catabolism in ruminants 
occurs via the pentose cycle. The pentose 
cycle involves oxidation and ultimate decar- 
boxylation of glucose-6-phosphate to form a 
pentose. The further catabolism of the pen- 
tose yields a 2 and 3 carbon fragment. The 
3 carbon fragment is usually lactic acid. It 
can be speculated that the apparent appear- 
ance of a small amount of label from butyrate 
in lactate could result from butyrate provid- 
ing a 4 carbon intermediate which is known 
to be involved in the pentose cycle. 
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The appearance of label in blood formate in 
perfusion 42, even though there was a utiliza- 
tion of formate by the ruminal tissue, indi- 
cates that the labeled formate probably re- 
sulted from metabolism of the ruminal tissue. 
This fact shows that the rumen acids can con- 
tribute to ruminal tissue metabolism. 

The large utilization of glucose in perfu- 
sion 42 and the decrease in blood levels of 
acetone bodies in this same perfusion most 
likely resulted from a mass action effect since 
the passage of blood through the isolated liver 
resulted in a marked increase in blood concen- 
tration of these metabolites. 

The fact that there was no increase in blood 
levels of acetone bodies in either perfusion is 
contrary to the belief of most ruminologists 
who have interpreted the work of Pennington 
(13) as indicating that butyrate is absorbed 
in the form of acetone bodies. The latter noted 
quantitative conversion of butyrate to aceto- 
acetate by ruminal epithelial tissue slices. In 
perfusion 40 in which labeled butyrate was 
added to the rumen contents only a trace of 
label was found in £-hydroxybutyrate in 
blood. Even though there was no net in- 
crease in blood levels of acetone bodies a com- 
parison of the S. A. of blood butyrate with the 
S. A. of 8-hydroxybutyrate makes it doubtful 
that a direct conversion was occurring. In 
several rumen perfusions in this laboratory a 
moderate increase in blood acetone bodies was 
noted(11). Davis et al. (abstract) however, 
did not obtain an increase in blood acetone 
bodies during their perfusion experiments. 

Extrapolation to a 24 hour basis shows that 
the organic acid production of perfusions 40 
and 42 could provide 31 and 53% respec- 
tively of the estimated daily net energy re- 
quirements of the animal. 

Summary. 1) Any inferences drawn from 
data of perfusion experiments must obviously 
be tempered by artificial conditions under 
which the tissue is operating. While recog- 
nizing that there are limitations it seems that 
a picture of the overall metabolism of the ru- 
men may be formulated. 2) Large quantities 
of organic acids are normally produced in the 
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rumen. On a diet of hay and grain relative 
rates of production of the VFA are in the or- 
der acetate >propionate> butyrate > valerate. 
Lactate may also be produced. Calculations 
based on data from perfusion experiments in- 
dicates that the organic acids are capable of 
providing up to 53% of the estimated net 
energy requirements of the animal. 3) Inter- 
conversion of organic acids may occur in the 
rumen. Butyrate in the rumen was converted 
to appreciable amounts of acetate and pro- 
pionate and to lesser amounts of valerate and 
lactate. The interconversion of propionate in 
the rumen was negligible. 4) Acids produced 
in the rumen are absorbed as such into the 
blood of the animal, and relative quantities of 
these acids absorbed are, in general, a reflec- 
tion of their production in the rumen. Rumen 
acids do not serve as the immediate precursors 
of blood acetone bodies. However, these acids 
apparently can contribute in part to the me- 
tabolism of the ruminal tissue. 
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Metabolism of Volatile Fatty Acids by the Perfused Goat Liver.* 
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Large quantities of volatile fatty acids 
(VFA) resulting from microbial activity in 
the fore-stomach of ruminants reach the liver 
directly by the portal vein. Experiments with 
rumen perfusions(1) demonstrated that the 
proportion of the VFA reaching the liver is 
very similar to the proportion in which these 
acids are produced in the rumen. Since the 
liver is capable of acting on all digestive 
products, it ultimately determines the nature 
and quantity of the metabolites presented to 
the other tissues of the body. 

Methods. Livers of goats were perfused 
through the portal vein with heparinized blood 
for 1 hour periods by use of pump-oxygenator 
apparatus similar to one we previously used 
(2). Mixtures of VFA (C2 to C;) in propor- 
tions approximating normal absorption from 
the rumen were added to blood at beginning 
of each perfusion (Table I). In addition, in 
each perfusion a different carboxyl-C' la- 
beled acid was added to blood as follows: 
formate, perfusion 43; acetate, perfusion 44; 
propionate, perfusion 45; butyrate, perfusion 
46. Blood samples were taken as 0. 30 and 60 
minutes after initiation of perfusion: initial 
and final liver samples were also obtained. 
Blood organic acids were determined by modi- 
fication of the chromatographic technic of 
Wiseman and Irvin(3). Blood glucose was 
measured by method of Somogyi(4). Total 
acetone bodies were measured by technic of 
Weichselbaum and Somogyi(5). Liver glyco- 
gen was isolated according to procedure of 
Good et al.(6). Three fractions were ex- 
tracted from liver tissue. A known weight of 
liver tissue was extracted with 1:1 ethanol- 
ether (v/v) 3 times in Waring blendor. The 
supernatant was combined and concentrated 
under reduced pressure. The ethanol-ether 
concentrate was then extracted 3 times with a 
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large excess of warm hexane. Phospholipids 
were precipitated from the hexane extract by 
addition of acetone. The supernatant con- 
tained neutral fat. The remaining ethanol- 
ether material was extracted with acetone and 
the residual material from this extraction was 
taken up in moist ether. A phosphatide frac- 
tion was precipitated from the moist ether by 
addition of acetone and magnesium chloride. 
The precipitate was again taken up in moist 
ether and reprecipitated 3 times. The com- 
ponents of this phosphatide fraction were not 
isolated. A fraction known to contain Coen- 
zyme A was prepared from another sample of 
liver tissue by the method of Lipmann e¢ al. 
(7). This fraction had the same characteris- 
tics as the phosphatide fraction originally pre- 
pared, i.e., a yellow, oily material. Also the 
fraction prepared by the method of Lipmann 
et al. had the same total radioactivity as the 
one previously prepared. All measurements 
of radioactivity were made with a windowless 
flow tube used in the Geiger region. Osazones 
were prepared for appraisal of activity in 
blood glucose. Blood acetone bodies were de- 
graded into COs and acetone. The 2,4 dini- 
trophenylhydrazones of the derived acetone 
were purified by procedure of Bassette (per- 
sonal communication). The derived CO. was 
converted to barium carbonate for counting. 


Results. In all experiments, flow of blood 
through the isolated liver attained the esti- 
mated in vivo rate(8) of 500 ml/minute. The 
quantitative results for all perfusions are pre- 
sented in Table I. It will be noted that val- 
erate, butyrate and propionate were removed 
almost completely from blood and metabo- 
lized by the liver. On the other hand, level 
of blood acetate increased moderately and 
there was a 2- to 3-fold increase in blood con- 
centration of formate. There was an increase 
of 60 to 160% in blood acetone bodies. Blood 
glucose and lactic acid also increased mark- 
edly, undoubtedly due to glycolysis, since the 
increases were accompanied by a decrease in 
liver glycogen. Production of large quanti- 
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TABLE I, Total Quantities of Metabolites in Perfusate and Total Amount of Liver Glycogen 
at Beginning and End of 4, One-Hour Goat Liver Perfusions. 
——$—$— — — — —— ——— ————————=[=_==_—_—_—_=—=—=—= 


Perfusion 43 


Initial Final Tnitial 
Metabolites* —— 
Blood : 
Glucose 775.6 - 2661.6 1065.0 
Acetone bodiest 166.3 275.1 278.4 
Valerie acid 15.0 0 8.2 
Butyrie ” 32.5 0 34.8 
Propionic ” 256.9 0 326.2 
Acetic¢ a 666.9 730.2 OTS 
Formie ¥ 124.8 402.3 177.4 
Laetie a 341.6 938.1 536.9 
Liver 
Glycogen 6870.0 5010.0 3605.0 


Perfusion 44 


nee 


Perfusion 45 Perfusion 46 

Final Initial Final Initial Final 
pa = eel Geek 
5925.0 966.0 3780.0 630.0 8255.0 
445.4 256.1 634.5 228.2 579.1 
0 24.2 0 31.8 .0 

0 113.8 0 37.9 0 

5.7 324.2 7.9 238.1 0 
1056.5 880.7 975.8 650.4 715.2 
612.0 167.5 482.4 107.0 453.6 
1508.9 (isle AGERE 242.4 960.0 
1442.0 6542.0 4963.0 3910.0 2756.0 


* Quantities of valerate, butyrate, propionate and acetate added to the liter of perfusate 
varied in each perfusion. Initial values reported in the table represent total added except for 
acetate where values represent quantity added plus amount already present in blood. 

t Acetone bodies calculated as g-hydroxybutyrate. 


ties of glucose is a characteristic of liver per- 
fusions(9). 

The data on distribution of recovered label 
from the carboxyl-labeled VFA at completion 
of perfusions are presented in Table II. The 
label from formate, propionate and butyrate 
recovered in liver glycogen, blood glucose and 
lactate accounted for approximately 64, 75, 
and 83% respectively of the total C’ recov- 


TABLE II. Distribution of Recovered Ct Label 

following 1-Hr Perfusions of Goat Livers in Whica 

Carboxyl-Labeled Volatile Fatty Acids Were Ail- 
ded to Blood. 


%, distribution of label from added 
metabolite 


Substance Propio- 
isolated Formate Acetate nate Butyrate 
Blood 
Valerie acid 0 0 0 0 
Batyricy 0 0 0 .0 
Propionic ” 0 .0 1.6 6 
Acetic os 2.1 75.2 3.6 10.3 
Formie ” 12.5 4.1 8.3 2.0 
Lacti¢ 7 Bok 7.4 25.1 49.9 
Glucose 1D 2.4 Bil a beet 
Acetone bodies: 
Derived acetone .0 0 0 0 
Derived carboxyl .6 1.5 6 ie 
2 
Liver 
Glycogen 57.8 2.4 46.5 31.5 
Neutral fat 4 1.9 yf 5 
Phospholipids 5.6 A aeat 2 
Nueleotide 15.1 6.0 10.0 4.0 
fraction 
% added C™ 61.9 71.6 50.1 90.0 
recovered 


ered. Only 12% of the recovered label from 
acetate was found in these compounds, most 
of the label remaining in the blood acetate. 

Acetone derived from blood acetone bodies 
was not labeled and the CO. from the car- 
boxyl group of 8-hydroxybutyrate in blood 
was only slightly labeled. Since an increase 
of 10 to 20 mg% of total acetone bodies oc- 
curred in blood, it appears that acetone bodies 
must have been derived from lipids of liver 
which were only slightly labeled. 

There was little lipogenesis in these 4 per- 
fusions from the labeled substrates. The ex- 
tent to which the VFA from the rumen may 
contribute to lipid metabolism has not been 
reported. The results here show that pro- 
pionate and butyrate contribute more to car- 
bohydrate metabolism than to lipid metabo- 
lism. 

There was a fair degree of incorporation of 
the C' label into the phosphatide fraction. 
Incorporation was greatest from formate fol- 
lowed by propionate, acetate and butyrate. 
Isolation of the components of this fraction 
is necessary before the findings can be prop- 
erly evaluated. 

Discussion. The contribution of large 
quantities of butyrate to glycogen clarifies the 
paradoxical situation which existed until this 
time. Kleiber ef al.(10) found that in the 
intact dairy cow there was appreciable label- 
ing of milk lactose and casein from injected 
C1 labeled butyrate. However, butyrate per 
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se apparently contributed little to formation 
of milk fat. It has generally been believed 
that within ruminants, butyrate is metabolized 
as (-hydroxybutyrate(11). In studies at 
Maryland it was demonstrated with C'™ la- 
beled 8-hydroxybutyrate that this substance 
is converted into milk fat and protein but not 
into lactose by the perfused udder(12). With 
the demonstration here that butyrate is con- 
verted to glycogen by the liver the anomalies 
of these findings are removed. 

It is also evident from these studies that 
butyrate was not metabolized as 2 acetyl 
groups. Since the known metabolic pathways 
show acetate and butyrate having a common 
intermediate, i.e., Acetyl Coenzyme A, the 
activity distribution for both should have 
been similar if butyrate had been metabolized 
in this manner. 

The contribution of propionate to carbo- 
hydrate metabolism has been demonstrated 
previously (13,14). The large quantity (75%) 
of the recovered label remaining in blood ace- 
tate indicates that acetate arising from the 
rumen is not altered appreciably by the liver 
but is made available as such to the extra- 
hepatic tissues. 

Production of formate by the liver explains 
the origin of formate normally found in ru- 
minant blood. The results of rumen perfu- 
sions(1) showed that formate did not arise 
from the rumen; in fact blood formate was 
utilized by ruminal tissue. Annison(15) noted 
earlier that concentration of formate in the 
portal blood of sheep was no greater than the 
level in peripheral blood. 

The low radioactivity in blood glucose can 
be explained by the fact that most of the in- 
crease in blood glucose occurred very early 
in the experiment before the labeled substrates 
were converted appreciably to carbohydrate. 
The greater total activity in blood lactate than 
in blood glucose indicates that the lactate was 
arising in a large part from glycogen in the 
tissue and not from blood glucose. 

Summary. Formate, butyrate and propio- 


~ PERFUSED GoAT LIVER 


nate were removed from blood and metabo- 
lized by the perfused liver. Butyrate, pro- 
pionate and formate contributed heavily to 
carbohydrate metabolism and formation of 
glycogen. Formate was produced by the liver, 
and even though size of formate pool increased 
considerably, there was substantial contribu- 
tion of this pool to glycogen formation. Ace- 
tate levels in blood showed a slight increase 
during perfusion. The major portion of re- 
covered label from added acetate remained in 
blood acetate indicating that most of the ace- 
tate arising from the rumen passes unaltered 
through the liver. The bulk of acetone bodies 
in ruminants apparently arises primarily from 
hepatic lipid metabolism and not from direct 
conversion of rumen VFA by the liver. 
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Effect of Aortic Constriction on Experimental Atherosclerosis in ‘Rabbits.t 
(24420) 


Davin D. SNYDER* AND GILBERT S, CAMPBELL* 
Dept. of Surgery, University of Minnesota Hospitals, Minneapolis 


Clinical observation has shown that relief 
of arterial obstruction may be followed by 
progressive atherosclerosis of the distal ar- 
terial tree. Therefore it was decided to as- 
certain experimentally whether aortic con- 
striction might lessen the production of distal 
atherosclerosis. 


Materials and methods. Thirty adult fe- 
male rabbits weighing 2-3 kg (5-7 lb) were 
utilized. Because of relative uninvolvement 
of the abdominal aorta in experimental 
atherosclerosis in the rabbit, a bilateral lum- 
bar sympathectomy and periaortic adventi- 
tial stripping from renal arteries to aortic bi- 
furcation was carried out in 20 animals. This 
has been shown by Murphy ef al.(1) mark- 
edly to increase severity of abdominal aortic 
atherosclerosis in rabbits fed a high cholesterol 
diet. In 10 of the sympathectomized rabbits 
a silk ligature was then tied firmly over a 
No. 6 intestinal needle placed on the aorta at 
varying levels below the renal arteries. The 
needle was then withdrawn, leaving an aortic 
constriction approximately one-third the di- 
ameter of the aortic lumen. Ten rabbits 
served as non-operated controls. All animals 
were then placed on a pelleted diet as follows: 
Dehydrated alfalfa meal 96.5%; stabilized 
animal fat 1.5%; cholesterol U.S.P. 8%; 
toasted soya flour 1.2%. After 3-month in- 
terval, direct pressure tracings were made by 
introduction of a No. 20 needle into the fe- 
moral artery of unanesthetized rabbits and 
pressures were recorded with pressure trans- 
ducer and direct writing oscillograph. The 
animals were sacrificed at 3 months and the 
entire thoraco-abdominal aorta and iliac ar- 
teries were removed. The vessel was opened 
along its longitudinal axis and fixed in 10% 
formalin for 24 hours. It was then stained in 


+ This investigation was supported by research 
grant H-1784 from U.S.P.H.S., N.I.H. 

* Present address: Univ. of Oklahoma Med. Center 
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Scarlet Red solution better 
atherosclerotic areas. 


Results. Non-operated rabbits. Average 
femoral artery pressure of these 10 rabbits 
was 122/94 mm Hg. The animals demon- 
strated almost solid coalescence of athero- 
sclerotic plaques in the thoracic aorta but only 
occasional plaques in the lumbar aorta and 
iliac arteries (Fig. 1a). 

Sympathectomized rabbits. Average femoral 
artery pressure in animals which underwent 
bilateral lumbar sympathectomy and_peri- 
aortic adventitial stripping was 124/90 mm 
Hg. These animals all showed severe in- 
volvement of the lumbar aorta and iliac ar- 
teries as well as the thoracic aorta (Fig. 1b). 

Sympathectomized rabbits with aortic con- 
striction. Average femoral artery pressure in 
these animals was 84/72 mm Hg. These rab- 
bits demonstrated severe atherosclerosis with 
coalescence of plaques in the thoracic and 
lumbar aorta to the level of constriction, but 
only occasional or rare plaques below that 
level (Fig. 1c, 1d). 

Exposure of abdominal aorta of these ani- 
mals under ether anesthesia revealed expan- 
sile pulsation of the vessel to the level of con- 
striction, but no visible pulsation below that 
level. Direct pressure measurements above 
and below the constriction varied considerably 
because of anesthesia and trauma of the oper- 
ative procedure, but in all cases demonstrated 
a marked diminution of pulse pressure below 
the constriction. 

Discussion. In rabbits with sympathec- 
tomy and aortic constriction the denervated 
aorta was subjected to full systolic thrust 
above the constriction, but this force was con- 
siderably damped below that area. Page(2) 
suggested that atherogenesis is due to accumu- 
lation of substances filtered from plasma 
through the intima by the lateral pressure. 
Therefore, in this study decreased lateral 
pressure below the level of aortic constriction 
may explain diminished atherogenesis as a re- 


to delineate 
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FIG. 1. (A) Aorta of non-operated rabbit on high 

cholesterol diet; (B) aorta of sympathectomized 

rabbit on high cholesterol diet; (C & D) aortas of 

sympathectomized rabbits with aortic constriction 

on high cholesterol diet. (Arrow points to site of 
constriction. ) 


sult of decreased filtration of lipemic plasma 
through the intima. 
The mechanism by which sympathectomy 


Effect of Bovine Fraction VI on Thyroid Function in the Rat. 


FRACTION VI AND THyRoID FUNCTION 


increases the severity of abdominal athero- 
sclerosis in rabbits is not clear. Murphy(1) 
postulated that it is the combination of 2 fac- 
tors, first, decrease in peripheral resistance and 
consequent increase in blood flow, and second, 
weakening of muscular wall of the artery due 
to paralysis of smooth muscle fibers. It is 
also possible that the metabolic transport ca- 
pacity of the normal rabbit lumbar aorta is 
better able to handle the filtered substances 
than is the denervated vessel. 

Summary and conclusions. Rabbits sub- 
jected to bilateral lumbar sympathectomy and 
fed a high cholesterol diet developed severe 
atherosclerosis in the lumbar aorta and iliac 
arteries. When an aortic constriction was 
concomitantly produced, atherogenesis distal 
to the constriction was diminished. This was 
accompanied by a decreased systolic and dia- 
stolic pressure, a diminished pulse pressure, 
and absence of visible aortic pulsation below 
the constriction. 


1. Murphy, T. O., Haglin, J. J., Felder, D. A., Surg. 
Forum, 1957, v7, 332. 

2. Page, I. H., Symposium on Atherosclerosis, Pub. 
338, Nat. Acad. Sci., Nat. Research Council, Wash- 
ington, D.C., 1954, pS. 
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When normal human serum is labeled with 
tracer dose of I'*1 thyroxine and electrophore- 
sis carried out on paper strips at pH 8.6 ina 
barbital buffer » = 0.075, radioactivity will 
be located in region of the a-globulins(1), pro- 
vided the thyroxine level is not too high. Rob- 
bins, e¢ al.(2) have demonstrated that this is 
due to the presence at pH 4.5, of a thyroxine- 
binding protein (TBP) with an_ isoelectric 
point close to pH 4. Freinkel, e¢ al.(3) have 
demonstrated the presence of such a TBP in 
human serum fraction VI but confining their 
efforts to fraction IV-6 have isolated in very 
low yields a TBP whose binding capacity ap- 


peared to be easily lost(4). We have chosen 
to work with fraction VI since this fraction, 
according to the Cohn scheme of fractiona- 
tion, is richest in glycoprotein. 

Method. Bovine fraction VI (BFr VI) iso- 
lated according to an extension of Cohn meth- 
od 10(5) by Pentex Corp. was labeled: with 
I'8! thyroxine, obtained chromatographically 
pure from Abbott Laboratories and electro- 
phoresis carried out in duplicate on paper 
strips under conditions described above. The 
Spinco Model R paper electrophoresis ap- 
paratus was used. In the experiments re- 
corded here, 20 of labeled protein solution 
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FIG, 1. Electrophoretic patterns of human and bo- 
vine fractions VI. A—normal human serum, brom- 
phenol blue stain; B—human serum fraction VI, 
K6iw’s stain; C—human serum fraction VI, brom- 
phenol blue stain; D—bovine serum fraction VI, 
KGiw’s stain; E—bovine serum fraction VI, brom- 
phenol blue stain; F—human serum fraction VI- 
dialysed, K6iw’s stain; G—human serum fraction 
Vi-dialysed, bromphenol blue stain. 


was applied to the paper, the concentration of 
protein being 2.6% for BFr VI and 2.8% for 
human fraction VI (HFr VI) dialyzed and 
undialyzed. In all these cases, 0.73 pc of [#1 
thyroxine was included in the 20 A applied to 
the paper, corresponding to 5.2 x 10° y of 
thyroxine. Exactly similar results have been 
obtained in which the protein concentration 
was 5.2%, thyroxine activity 0.69 pc corre- 
sponding to 2.40 x 10° y thyroxine. Consid- 
ering that only 10 g BFr VI can be obtained 
from 13 liters of plasma, these thyroxine lev- 
els are well below saturation for the TBP. 
One paper strip was then scanned for radio- 
activity and stained with bromphenol blue to 
indicate protein bands, and the duplicate strip 
was stained with KGiw’s stain(6) to indicate 
carbohydrate bands. Fig. 1 and 2 show that 
under pH and ionic strength conditions used, 
2 protein bands appeared, one of which repre- 
sents a glycoprotein. Moreover, in this sam- 
ple of bovine fraction VI, essentially all radio- 
activity was located in a narrow band coinci- 
dental with the glycoprotein band. This re- 
sult has been reproduced many times with 
this same bovine fraction VI, and similar re- 
sults were obtained with samples from other 
batches. HFr VI, also obtained from Pentex 
Corp., by method 10 of Cohn, examined elec- 
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trophoretically under the same conditions al- 
ways showed a less clear picture. Three pro- 
tein bands were evident (Fig. 1, 2), one of 
which was characteristic of glycoprotein, while 
thyroxine seemed to spread itself out far more, 
as indicated by the radioactivity scan, than 
was the case of the BFr VI. The effect of 
BFr VI on thyroid function in the rat has been 
investigated. The properties studied were 1) 
24-hour thyroid uptake of iodide ion, 2) 24- 
hour conversion ratio of inorganic to protein- 
bound iodine, and 3) body retention of iodine. 
Four- to 5-month-old female rats of Sprague- 
Dawley strain were given intravenously in the 
tail, various doses of BFr VI dissolved in nor- 
mal saline solution. When multiple doses 
were given, these were at 24-hour intervals. 
Twenty-four hours prior to withdrawal of 
blood by cardiac puncture, they were injected 
with 5 yc of carrier-free I'*! iodide, simul- 
taneously with the last dose of Fr VI. After 
4-6 ml of blood had been drawn, the rats were 
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FIG. 3. Effeet of bovine fraction VI on body re- 
tention of iodine in 5 groups of rats. The error 
(mean deviation from mean) in each point is, for 
the most part, <10% and >20%. 
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TABLE I. Depression of Rat Thyroid Activity by Intravenous Injections of Bovine Fraction 
Walle 


Thyroid count 


No. of Thyroid, 
Treatment. Dose rats C.R. cpm X 10% Serum count 
None None 6 35.9 + 2.7 295 + 88 50.5 
e 8 O20 eee 146 + 39 50.1 
10 53.1 + 5.0 164 + 23 61.4 
BSA* 1X .4ml110% 4 37.4 + 4.9 18 20 76.0 
Hi 4x 6 20 7 41.3 + 5.5 305 + 55 55.6 
BFr VI Thee ce AE) 4 PA Spe eres PE 36.9 + 12.6 13.9 
ay 4x 6 20 13 16.1 + 5.4 263 + 44 41.8 
Nonet None 5 27.9 + 5.5 
BSAt 1X .2ml10% 10 26.2 + 9.2 
BFr VIt NESS in te 9 30.4 + 6.7 
BSAt 1x 4m110% 4 63.2 + 5.3 kerivas 3) 88.2 
BFr VI$ e120 5 14.6 + 9.3 154 + 20 10.8 
% de SAUD 4 Done. i 62.8 + 15.3 12.1 


4 x .5 ml 20% indicates 4 doses of .5 ml of 20% solution given at 24-hr intervals. Errors 


are mean deviations from mean. 


* Some serums were pooled. 
version ratio and thyroid count. 
vein. 


killed by overdose of ether, and their thyroid 
glands, together with a small section of tra- 
chea were removed and counted in a well-type 
scintillation counter. Serum was separated 
from coagulated blood after clot and cells had 
been centrifuged, and from 2-3 ml of serum 
were counted in the scintillation counter. 
From this counted volume of serum, the pro- 
teins were precipitated by addition of excess 
10% trichloracetic acid, (TCA) centrifuged, 
and washed thoroughly with small volumes of 
10% TCA, this procedure being repeated 
twice. The protein precipitate was then 
counted in the scintillation counter, the ratio 
of counts/minute of the protein to that of se- 
rum being the conversion ratio (C.R.). Two 
control groups of rats were treated similarly: 
the first group received only I'*! iodide; the 
second crystalline bovine serum albumin 
(BSA) (Armour) in exactly similar doses to 
those receiving bovine fraction VI. The re- 
sults are summarized in Table I. In body re- 
tention experiments, 5 groups of 5 rats were 
given increasing doses of bovine fraction VI 
intravenously in the tail, followed by a 5-pc 
tracer dose of I'*! iodide. The whole rat was 
then counted on successive days in a large 
well-type scintillation counter, and the mean 
value for each group, relative to the count 
obtained one day after I'*' iodide injection 
was taken as a measure of body retention of 


t 7-wk-old, female Sprague-Dawley rats. 
§ Results unreliable due to difficulty of inj. 1 ml into tail 


¢ 48-hr con- 


iodine. Group 1 received no bovine fraction 
VI and therefore acted as control; the remain- 
ing 4 groups received, respectively 1, 2, 3 and 
4 injections of 0.4 ml of 10% bovine fraction 
VI, given at 24-hour intervals, the last dose 
given simultaneously with I'*! iodide. 

Results. The results are shown in Fig. 3. 
No significant differences were observed in 
renal clearance of I'#! between treated and un- 
treated rats. 

Table I shows that the conversion ratio for 
rats treated with bovine serum albumin does 
not differ significantly from that of untreated 
controls, whereas a single dose of 0.5 ml 20% 
BFr VI resulted in a significant fall, and, 4 
times this dose resulted in a marked drop in 
conversion ratio. Thyroid uptake measure- 
ments, as indicated by ratios of thyroid to 
serum counts, suggest that uptake is initially 
inhibited by comparatively small doses of 
BFr VI but unaffected by BSA. However the 
Table suggests the possibility that prolonged 
doses of BFr VI allow the thyroid gland to 
recover its capacity to trap iodide ion. 

Conclusions. Bovine fraction VI has a 
component, possibly a glycoprotein, capable 
of binding thyroxine to the exclusion of other 
components: moreover, bovine fraction VI 
markedly inhibits conversion of inorganic io- 
dide ion to organic protein bound iodine in 
the rat. This inhibition can be attributed nei- 


ed! See 
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ther to decreased body retention of iodine nor 
to foreign protein reaction, but seems to take 
place either at organification of the iodine 
stage or at subsequent stages that lead to se- 
cretion of thyroid hormone. It has been shown 
that thyroxine or desiccated thyroid gland(7) 
as well as triiodothyronine(8) given either 
orally or intravenously produce an immediate 
depression in thyroidal uptake of iodide ion 
but leaves the level of protein-bound iodine 
(PBI) unchanged. The depressive effect 
lasts beyond removal of exogenous thyroxine. 
It does not therefore seem probable that the 
depressed conversion ratio is a result of thy- 
roxine or triiodothyronine bound to the gly- 
coprotein component of fraction VI.* We are 
currently carrying out fractionation proce- 
dures to separate or at least concentrate this 
factor. 


Summary. Serum fraction VI from a bo- 
vine source showed on paper electrophoretic 
separation the presence of a glycoprotein band 


*In fact, we have examined samples of BFrVI for 
iodine content and have found the complete absence 
of iodine. These results have been presented for 
publication in this Journal. 


Thyroid Depressant Activity in Bovine Fraction VI. 


capable of binding I'*' labeled thyroxine to 
the exclusion of other proteins present. On 
being given intravenously in the tail of rats, 
bovine fraction VI gave a marked depression 
in conversion ratio of inorganic to protein- 
bound iodine. This effect was shown to be 
due neither to a foreign protein reaction nor 
to a decreased body retention of iodine. The 
uptake of iodide ion by the thyroid gland did 
not appear to be the cause of this depressed 
conversion ratio. 
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We reported(1) the presence of a thyrox- 
ine-binding protein (TBP) in bovine fraction 
VI (BFrVI) which was identified as a glyco- 
protein. It was also reported that BFrVI has 
a depressant effect on thyroid activity, as 
measured by the conversion ratio, when given 
intravenously to the rat. It was suggested 
that this effect might be attributable to thy- 
roxine(2) accumulated by the TBP. We have 
since obtained many samples of BFrVI which 
the present paper shows have markedly higher 
thyroid depressant activity than those previ- 
ously described, and have demonstrated that 
the activity is not due to presence of thy- 


roxine nor to versene or heavy metals which 
may be present as impurities. The method 
for assaying the BFrVI for thyroid activity 
has been described(1). Sprague-Dawley fe- 
male rats, weighing 250 to 300 g each, were 
used unless otherwise stated. Table I gives 
evidence of the markedly increased thyroid 
depressant activity of 2 samples of the same 
lot of BFrVI,* a single dose of 0.3 ml of a 
20% fraction VI solution giving a conversion 
ratio of 16.8 compared with a value of 16.1 
+ 5.4 previously obtained with 4 doses of 0.5 
ml of a 20% solution(1). Determination of 


* Obtained from Pentex Corp. 


568 


TABLE I. Comparison of Different Samples of 
Bovine Fraction VI. 


Sample No. Dose (ml 20%) C.R. 
3-8205 5 (2) tet-eoe 
3 (1) 16.8 
2-8205 5B (4) 9.24 4 
none (2) Spl cai O74 
A (3) 32.7 42.7 


Numbers in parentheses represent No. of rats 
used. C.R. represents Conversion Ratio defined as 
ratio of epm on precipitated protein from 3 ml 
serum to that on 3 ml serum, 24 hr after intrav. 
inj. of 5 we I iodide (carrier-free) (1). 

The errors given in this and subsequent tables 
represent mean deviations from the means. 


protein-bound iodine. To examine the possi- 
bility that thyroxine was present in these pro- 
tein fractions, we determined the protein- 
bound iodine (PBI) by a method described 
by Moran(3). All water used in the deter- 
mination and for washing glass apparatus was 
distilled prior to passing through an anion- 
cation exchange resin. Optical density meas- 
urements were made with 1-cm cuvettes on a 
Beckman Spectrophotometer, Model DU, at 
420 mu. Standard iodide solutions were used 
to establish a calibration curve in terms of 
PBI units, 7.e., y per 100 ml serum. Such a 
curve is shown in Fig. 1, giving some idea as 
to reproducibility. A standard sample of 
Iodotrolt was examined for its iodine content, 


OPTICAL DENSITY 420 my 


oO 2 4 6 8 10 12 14 16 16 
PROTEIN BOUND IODINE (8 PER CENT) 


IG. 1. Reproducibility of standard curve in de- 
termination of iodide by method of Moran(3). 


+ All glass apparatus and all chemical reagents 
specially prepared to be:iodine-free and Iodctrol, a 
synthetic plasma preparation of known iodine con- 
tent, supplied by Hormone Chemistry Lab. 
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and a sample of the same lot number returned 
to the Hormone Chemistry Laboratory for 
PBI determination. The recipients in the 
Hormone Chemistry Laboratory were unaware 
of the nature of the sample. At this time, 2 
samples of the BFrVI, lot No. 8205, the first, 
60 mg, the second, 600 mg, were examined 
for iodine content, and the plasma from 6 
normal rats was examined similarly for com- 
parison. The results are shown in Table II. 
We have taken the mean of the optical densi- 
ties in 16 determinations on reagent blanks 
as most meaningful, since occasionally the ap- 
paratus on standing becomes slightly contam- 


TABLE II. Determination of Protein-Bound Io- 
dine. 


-——OD (420 my)—\ 


Reagent 
Sample Unknown blank PBI (y %)* 
3mlIodotrol .568, .570 1.19,1.25 6.4 (5.85; 
BFr VI 
60 mg 135, 135  L401.35 0 
600 mg UPS ee | iste IES) 10 ( .50) 
3 ml rat serum 
1 908, 2925 1.34137 92:6 (2:85) 
2 740, .785 1.38,1.39 4.2 (4.55) 
3 825, .805 1.31,1-:28 3.5 (3.4 ) 
4 900, .905 1.33,1.35 2.65 (2.8 ) 
5 860, .845 1.18,1.16 3.15 (2.3 ) 
6 890, .805 2.80 
* Corrected for reagent blank. 


inated and this is reflected in the reagent 
blank. This mean is 1.32 + 0.06 and this 
figure is used to determine PBI given in the 
last column; however, figures given in paren- 
theses are the PBI determined using the re- 
agent blank figures of column 3. The number 
returned to us from the Hormone Chemistry 
Laboratory. was 6.3 + 0.2 y %. It is clear 
that the PBI determinations are valid, and 
that there appears to be no iodine in BFrVI. 
Schmidt(4) reports 10 g of protein in human 
fraction VI from 13 liters of plasma; we may 
therefore estimate that 600 mg of BFrVI rep- 
resents 780 ml serum. The usual volume is 
3 ml of serum for PBI determination by the 
Moran method. 

Results. Effect of sodium versenate. In 
preparation of BFrVI(4), the proteins are 
precipitated in the presence of excess barium 
ions and are subsequently removed by dialysis 
in presence of versenate over a period of sev- 


ee 
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TABLE III. Effect of Neutralized Versene and of 
Barium Ions on Thyroid Function. 


Dose C.R. 
10mg Versene 30.6 
25 Idem 31.1 
1.0 Me 31.9 
2.0 3 38.7 
5.0 Pi 30.1 
-1 ml 20% (4) 37.6 + 5.9 
P-L (3) 39.0 + 5.4 
Control (11)* 37.7 + 4.3 


* Control was performed on untreated rats of 
same strain and age as exp. rats. Numbers in par- 
entheses represent No. of rats used. 


eral days. To examine the possibility that 
some versenate had remained in the lyophil- 
ized fraction VI, which might account for the 
results obtained, a series of rats was given in- 
jections in the tail vein of 0.5 ml of a solution 
of sodium versenate at pH 7.4 so as to con- 
tain various quantities of the chelating agent. 
Simultaneously, they were given injections of 
5 wc of I'*! iodide, and a 24-hr conversion ra- 
tio was obtained. The rats used were 450- to 
500-g Holtzman males. Results are given in 
Table IIT. 


A normal conversion ratio determined on 11 
of these male rats gave a value of 37.7 + 4.3. 
It seems possible that the data may indicate a 
slightly depressed conversion ratio, but this 
could not account for the marked effects of 
the BFrVI. One-tenth mg has about the same 
effect as 5.0 mg of versene. This is not sur- 
prising since it has been shown that from 60 
to 70% of the versene given intravenously to 
the rat is excreted in the urine in 2 hours and 
from 90 to 95% in 6 hours(5). Moreover, 5 
mg would represent 5% by weight of the 
usual dose of BFrVI (0.5 ml 20%) given to 
the rat and one would have to reach an inor- 
dinately high versene content to obtain a con- 
version ratio of 10%. 

Effect of heavy metal ions. We have re- 
ceived from Pentex Corp. samples of BFrVI 
(lot No. 8206), which are insoluble in a nor- 
mal saline solution, unlike the usual samples 
which are readily soluble. The insoluble sam- 
ples, however, are readily soluble in a neu- 
tralized versene solution (1%). We assume, 
therefore, that insolubility is due to presence 
of heavy metal ions, namely, barium. This 
suggested that low concentrations of such ions 


may even be present in the soluble BFrVI 
samples and that they may affect thyroid func- 
tion in the rat. To test this possibility, 7 
400 to 500 g Holtzman male rats were each 
given from 0.1 to 0.4 ml of a 20% suspension 
of an insoluble sample of BFrVI via the tail 
vein simultaneously with 5 pc of I'*! iodide. 
The one given 0.4 ml died in a matter of sec- 
onds, that given 0.3 ml died within 2 min- 
utes, and 2 others ‘were dead in a matter of 
hours. In a group of 5 rats given 0.2 ml, 2 
were dead by the end of 24 hrs, and in a 
group of 5 rats given 0.1 ml, one died by the 
end of 24 hrs. Those surviving at the end of 
24 hrs were examined for thyroid activity, and 
results are shown in Table ITI. 


It is obvious that barium ions do not ac- 
count for the depressed conversion ratio found 
on treatment with BFrVI. To demonstrate 
the activity of this insoluble material, 2 g 
were dissolved in 25 ml of a 3% neutralized 
versene solution at pH 7.2 and dialyzed 
against running tap water for a total of 10 hr 
and against distilled water for 80 hr, at which 
time optical density of the dialysate was zero, 
down to a wavelength of 240 mp. This dia- 
lyzed BFrVI solution was approximately 8% 
in protein and could be assumed free of both 
heavy metal ions and versene. Intravenous 
injections of 0.5 ml quantities of this solution 
(approximately one-third of normal dose) 
were given to groups of Holtzman male and 
Sprague-Dawley female rats for comparison, 
as previously described. Results are shown 
in Table IV. In addition, a separate com- 


TABLE IV. Comparison of Holtzman Male aud 
Sprague-Dawley Female Strains. 


Strain Dose C.R. 


Holtzman ¢ (4) .5m18% solution 35.1 + 2.8 
dialyzed 
Sprague-Dawley Idem 19:0 + 4.3 
Q (6) 
Holtzman @ (3) .5 ml 20% solution 19.3 +13.7 
untreated and 
undialyzed 
Sprague-Dawley Idem 1a = Dae 
? (3) 
Normal C.K. 
Sprague-Dawley 9? (29) 39.6 + 3.4 
Holtzman @ (11) 37.7 + 4.8 


Numbers in parentheses represent No. of rats 
used, 
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parison was made on these 2 strains of rats 
using a normally soluble and, therefore, un- 
treated sample of fraction VI. These results 
are also shown in Table IV. 

It appears that although the Holtzman male 
rat is a less sensitive and less reliable rat for 
this bio-assay, it does respond to a high 
enough dose of BFrVI. Moreover, there is no 
doubt that the sample of fraction VI, after 
treatment with versene and prolonged dialysis, 
does in fact show a depressant effect on thy- 
roid activity, but in the dosage given, only by 
the more sensitive Sprague-Dawley female 
rat. 

Discussion. The fact that BFrVI contains 
a TBP identifiable as a glyco-protein as well 
as a component showing thyroid depressant 
activity may be fortuitous. However, the 
TBP of Ingbar, Freinkel, and Dowling(6), ob- 
tained from serum fraction IV-6 was also iden- 
tified as a glycoprotein and it may be that 
ability to bind thyroxine is a property of car- 
bohydrate-containing proteins in general. 
Thyrotropic hormone (TSH) has been iden- 
tified as a glycoprotein by 2 independent 
means(7,8), and there is considerable evidence 
available to show that TSH is inactivated 
after reaching the thyroid gland(9,10,11), or 
simply by acetylation(12). Moreover, this 
acetylated product acts as a TSH inhibitor. 
It is also known that there is present in the 
urine of hypothyroid patients(13) a TSH in- 
hibitor that was shown to be a protein of low 
N content and could in many respects be 
likened to TSH. It was suggested that this 
inhibitor was in fact an inactivated TSH. The 
possibility exists that the thyroid depressant 
present in BFrVI is an inactivated TSH, act- 
ing as a TSH inhibitor, and that may be capa- 
ble of binding thyroxine. 

Summary. Some very active samples of 


BFrVI have shown marked ability to depress 
thyroid function as measured by the conver- 
sion ratio. Careful examination of these sam- 
ples has shown that there is little or no iodine 
in the serum fraction, so the presence of thy- 
roxine or any other iodine-containing calori- 
genic substance cannot be used to explain 
these results. The possibility that either ver- 
sene or barium ions, both used in preparation 
of fraction VI, are responsible for this activ- 
ity has been discounted. The higher sensi- 
tivity of the Sprague-Dawley female rat in 
comparison with the Holtzman male rat in 
this bio-assay has been demonstrated. Fur- 
ther studies are in progress attempting to elu- 
cidate the nature of this thyroid depressant 
in bovine fraction VI. 
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Effect of Irradiation on Some Portions of Head of Young Axolotl 


(Siredon mexicanum) *+ 


(24423) 


V. V. Brunst (Introduced by E. Mirand) 
Roswell Park Memorial Inst., Buffalo, N. Y. 


In our previous reports concerning influence 
of x-ray irradiation upon development of the 
head(1,2), the great sensitivity of teeth and 
eyes was demonstrated. We are interested 
now in comparative sensitivity of various por- 
tions of the head of these animals. 

Materials and methods. A total of 163 
young axolotls (25-30 days after hatching) 
were used in this experiment. Forty-three 
animals served as untreated controls, 105 were 
irradiated with a dose of 3,000 r and one group 
of 15 animals was irradiated with a dose of 
6,000 r. The conditions of irradiation were 
as follows: 100 kv, 30 ma, 0.5 mm Al filter, 
beryllium window tube; half value layer 1.25 
mm Al; target object distance 18 cm. The 
animals were anesthetized before irradiation 
by placing them in an aqueous solution of M. 
S. 222 (Tricaine methanesulfonate), until 
they were anesthetized. During irradiation 
the animals were arranged in radial position 
within a circle on moistened filter paper. The 
posterior portions of the animals were coy- 
ered with moist cotton. The nonirradiated 
portions were shielded with a lead covering 
with a round radiation localizer about 10 cm 
in diameter (Brunst, 3). Fixations were made 
using a saturated solution of bichloride of 
mercury with 5% acetic acid and in acetic 
mercuric chloride formalin (Stieve). 70 ir- 
radiated animals and 10 controls were exam- 
ined histologically. 

Results. Definite growth suppression of the 
irradiated portion of the head was observed 
80-110 days after treatment. A dose of 3,000 
r was lethal in all cases if the whole head was 
irradiated (all animals died within 6 months 
after treatment). However, if only the an- 
terior portion of the head was irradiated with 
3,000 r, all of the animals were not killed; 
some animals lived more than 20 months, 


* This work was supported by grant of U.S.P.HLS. 

+ The author wishes to express appreciation to Mrs. 
Alla Sigarew for preparation of slides and Mrs. 
Nadia Schmigelsky for care of animals. 


when suppression of growth became especially 
obvious. 


As a result of the disturbance of develop- 
ment, the visceral arches are exposed. In 
normal animals these are always covered. In 
most animals the eyes had disappeared or 
rudimentary eyes were covered by skin sev- 
eral months after irradiation. 


Graphic reconstructions show that the most 
typical effect is suppression of development of 
the entire anterior portion of the head and 
complete disappearance of teeth. While 
growth of olfactory chambers is much sup- 
pressed, they never disappear completely. 
Owing to suppression of growth of the olfac- 
tory chambers, the anterior portion of the 
brain is reduced. Growth of the lower jaw is 
not only suppressed, but the whole anterior 
portion of the jaw has disappeared and as a 
result, the visceral (branchial) arches support- 
ing the gills are shifted forward. 

Comparison of the reconstruction of an ani- 
mal on the day of treatment, 30 days after 
hatching, with an experimental animal 174 
days after irradiation of the anterior portion 
of the head with 3,000 r, 204 days after hatch- 
ing, shows that growth of the irradiated por- 
tion of the head is almost completely sup- 
pressed and that the anterior portion of the 
head has almost the same size as on the day 
of irradiation. The posterior portion of head 
of the same animal that was not irradiated is 
greatly enlarged. For example, the size of 
lymph nodes and branchial arches is 3-4 times 
larger than on the day of treatment. 

Cornea. The normal cornea of axolotl con- 
sists of substantia propria and epithelium of 
cornea. The pigment cells and Leydig’s cells 
that can be found in normal skin epithelium 
are absent in normal epithelium of cornea. 
Following irradiation, the whole cornea never 
disappeared. In some cases the substantia 
propria was almost normal in appearance and 
thickness; in other cases, it was 2 to 4 times 
thicker than normal. As a result of abnormal 
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thickness or development of pigment cells the 
substantia propria lost their transparency in 
some cases. Rohrschneider(4) observed the 
same phenomenon in irradiated rabbit cornea. 
Damage of corneal epithelium was observed 
in 38% of all irradiated animals. In some 
cases the reduction of the number of layers 
of this epithelium was typical; in cases of ex- 
treme damage only 2 layers of cells were ob- 
served with simultaneous development of 
giant cells. In other cases, the epithelium 
was thicker than normal, but-Leydig’s cells, 
and giant cells, never present in normal epi- 
thelium, were found. In cases of the most se- 
vere corneal damage, observed in 30% of the 
irradiated animals, corneal epithelium disap- 
peared completely and was replaced by typi- 
cal skin epithelium with many Leydig’s cells. 
The entire cornea was normal in 32% of the 
irradiated animals. 

Lens. The normal lens of control animals 
has almost homogeneous structure with slight 
concentric layers. The lens is covered with 
a capsule, a cuticular membrane. Cracks of 
the lens are very typical. The formation of 
these cracks obviously is artefact, but at the 
same time is a response of definite type of lens 
structure to fixation. They are mostly ob- 
served in a definite direction—parallel to the 
direction of lens fibers. These cracks were 
observed consistently in the lens of non-ir- 
radiated animals, but they disappeared almost 
completely even after slight roentgen damage. 
In some cases, cracks appeared only in the 
central portion of irradiated lens, when the 
peripheral portion is entirely changed. Dam- 
age of the lens was observed in 56% of ir- 
radiated animals. Slight damage was observed 
in 5%, characterized by many typical gran- 
ules, vacuoles, and spheres. Moderate dam- 
age was observed in 22%, characterized by 
great disturbances in all peripheral portions. 
More than half of the lens was completely 
transformed into a globular mass having vari- 
ous sizes of granules, vacuoles, and spheres. 
The central portion alone retained its original 
structure. Serious damage was observed in 
29%, characterized by almost complete disap- 
pearance of normal lens substance as a result 
of dissolving of the lens fibers; only remnants 
of the lens were noted in most cases. The lens 


membrane, however, was the most resistant 
structure, although many small folds were _ 
typically found. In many cases, after total 
disappearance of the lens, a wrinkled lens 
membrane alone was found. A most signifi- 
cant observation was the presence of a great 
number of large cells in the body of the seri- 
ously damaged lens. These were wandering 
giant cells, macrophages, 7.e. phagocytes de- 
stroying the substance of the irradiated lens. 
They partially phagocytized and partially dis- 
solved the lens fibers, both these activities be- 
ing typical of these cells. Cells are never 
found in the normal lens. The lens was en- 
tirely absent in 28% of the irradiated animals. 

Retina. In the retina it is necessary to dis- 
tinguish between damage of the rods and 
cones layer and damage of the other layers. 
According to our previous observations the 
rods and cones layer of the retina is the most 
sensitive. The sensitivity of this layer is al- 
most the same as the sensitivity of the epi- 
thelium of the cornea. In 31% of all cases 
the rods and cones layer was completely ab- 
sent, in 33% it was damaged. Serious dam- 
age was found in 9% of the animals, where 
only remnants of this layer were preserved; 
moderate damage in 15%, where about half 
of the layer was badly damaged; partial dam- 
age in 9%, where only portions of the layer 
were partially damaged. Finally, this layer 
was normal in appearance in 36% of the ir- 
radiated animals. Retinal layers other than 
the rods and cones are much more resistant to 
irradiation. Complete absence of retina was 
not observed and in only 6% of the irradiated 
animals was damage of all retinal layers so 
severe that only small rudiments of retina 
were noted. In 4% about half of the retinal 
layers were destroyed and in 6% only por- 
tions of the layers were damaged. In most 
cases (84%) of the retinal layers appeared 
entirely normal. 


Teeth. Teeth were entirely absent in 89% 
of irradiated animals. However, teeth were 
still found in animals fixed within 30 days 
after irradiation, that is, during the latent pe- 
riod for the disappearance of teeth. With 
these exceptions, teeth were absent in 100% 
of the animals. In the head of the axolotl 
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teeth may be the structure most sensitive to 
roentgen irradiation. 


Lymph nodes. In normal axolotls several 
pairs of large lymph nodes are situated in the 
boundary region between the head and trunk. 
After irradiation of the whole head, lymph 
nodes disappeared in 100% of the animals. 
_ After irradiation of only the anterior portion 
of the head, lymph nodes appeared normal in 
95% of the animals; in the remaining 5% 
they were slightly abnormal and, being in the 
boundary zone of the irradiated area, obvi- 
ously had been partially irradiated. Such 
partial irradiation may have been the result 
of slight movement of the animals during 
treatment, or even of slight error in their posi- 
tioning for treatment—if they had been placed 
too near the center of the irradiated field, the 
posterior portion of the head, including the 
region of the lymph nodes, would have re- 
ceived some irradiation. The lymph nodes, 
as well as other types of lymphoid tissue are 
highly sensitive to irradiation. 

Gills. In evaluation of damage to gill epi- 
thelium it is important to consider time of 
fixation. When gills were fixed during the 
primary acute reaction (20-60 days postirra- 
diation) severe damage is usually found, as 
evidenced by the formation of giant cells. 
When gills were fixed later, the appearance of 
gill epithelium was almost normal. In such 
epithelium it is often possible to see the Ley- 
dig’s cells which are typical of old skin epi- 
thelium but not gill epithelium. However, in 
some cases the epithelium of the gills appeared 
normal even within 20-60 days after the ani- 
mals were irradiated. In all probability, such 
gills themselves were not irradiated. It is ob- 
vious that local irradiation of even the whole 
head of the axolotl will not result in consis- 
tent irradiation of the gills, because of the lo- 
cation of the gills at the boundary between 
head and trunk. 

Olfactory chambers. ‘The olfactory cham- 
bers are large organs taking up considerable 
space in the anterior portion of the head of 
the normal axolotl. Normal olfactory epi- 
thelium has a typical structure and many sen- 
sitive olfactory buds which are modifications 
of the sensitive skin buds distributed in some 
regions of the skin. Normal olfactory epi- 
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thelium appears distinctly different from nor- 
mal skin, and Leydig’s cells are not found in 
it. Normal olfactory epithelium was never 
found after irradiation. However, in 17% 
of the irradiated animals the epithelium was 
only slightly damaged; typical orientation of 
olfactory cells disappeared. With one excep- 
tion, such slightly damaged epithelium was 
discovered only after early fixation (13-36 
days postirradiation). This suggests that ol- 
factory epithelium reacts with comparative 
slowness to irradiation. All late fixations give 
a clear picture of damage of the olfactory epi- 
thelium. In 28% of these cases the olfactory 
epithelium disappeared completely and was 
replaced by typical skin epithelium. In 55% 
the olfactory epithelium had not disappeared, 
but was greatly damaged; cells similar to 
those of olfactory epithelium were found but 
without any special structures. Sensitive ol- 
factory buds disappeared and the distribution 
of cells in the epithelial layer was completely 
abnormal. We conclude that olfactory epi- 
thelium is one of the tissues of the head most 
sensitive to irradiation. 

Discussion. With respect to sensitivity to 
irradiation, tissues and organs of the head 
may be arranged in 5 groups: (1) Teeth and 
lymph nodes (disappeared completely in 
100% of animals). (II) Olfactory epithelium 
(disappeared in 28%, damaged in 55%, 
slightly damaged in 17%), and the lens (dis- 
appeared in 28%, damaged in 56%, normal 
in 16%. (III) Epithelium of the cornea 
(disappeared in 30%, damaged in 38%, nor- 
mal in 32%), rods and cones of the retina 
(disappeared in 31%, damaged in 33%, and 
normal in 36%), and the gills. (IV) Other 
layers of retina (damaged in 16%, normal in 
84%). (V) Pigment cells of choroid, and 
other tissues of the head (comparatively re- 
sistant, no apparent damage after irradiation 
with 3,000-6,000 r under our conditions). ° 

Characteristic damage was observed in sev- 
eral organs: specialized but not completely 
differentiated tissues destroyed by x-ray ir- 
radiation were never restored. These tissues 
include oral epithelium forming enamel organs 
of the teeth, olfactory epithelium of the nasal 
chambers, corneal epithelium, and _ possibly, 
gill epithelium. In all of these tissues the spe- 
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cialized epithelium which had disappeared 
completely was replaced by skin epithelium. 
A peculiarity of skin epithelium is the 
presence of Leydig’s cells, never observed 
in differentiated epitheliums of enamel 
organs, olfactory chambers, cornea or gills. 
Therefore, specialized but not completely dif- 
ferentiated epithelium must be more sensitive 
to irradiation than skin epithelium. 


Summary. 1) Definite suppression of 
growth of treated portion of the head was 
observed 80-110 days after irradiation with 
3,000 or 6,000 r. In irradiated portions: 
teeth disappeared completely, growth of ol- 
factory chambers suppressed greatly, but they 
never disappeared completely, anterior por- 
tion of the lower jaw had disappeared, visceral 
arches all shifted in rostral direction, develop- 
ment of the eyes was suppressed. According 
to sensitivity, it is possible to distribute the 
tissues and organs among 5 groups. (1) The 
teeth and lymph nodes (disappeared com- 
pletely in 100% of animals). (II) Olfactory 
epithelium and the lens (disappeared in 28%, 
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damaged in 55% and normal in 17%). (III) 


Epithelium of the cornea (disappeared in 


30%, damaged in 38% and normal in 32%) 
and the rods and cones layer of the retina 
(disappeared in 31%, damaged in 33% and 
normal in 36%). The gills. (IV) Other lay- 
ers of retina (damaged in 16% and normal in 
84%). (V) Pigment cells of choroid and 
other tissues of the head, which are compara- 
tively resistant and did not show any clear 
signs of damage. 2) Specialized but not com- 
pletely differentiated tissues can be destroyed 
by X-ray irradiation and after this never re- 
stored, being replaced by typical skin epi- 
thelium with Leydig’s cells. This was ob- 
served in oral epithelium, olfactory epithelium 
and epithelium of the cornea. 
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Myasthenia Gravis III: Lack of Inhibitory Action of Fractionated 


Thymus Extracts.* 


(24424) 


SUMNER I. Zacxs (Introduced by Edgar B. Taft) 
Dept. of Pathology, Harvard Medical School and James Homer Wright Pathology Labs., 
Mass. General Hospital, Boston 


Several investigators(1-5) have studied the 
effects of thymus extracts on nerve muscle 
preparations from various animals. However, 
the reported neuro-muscular blocking activity 
of isolated frog sartorius muscle by acetone 
extracts of thymus glands from myasthenic 
patients(5), was probably due to large 
amounts of potassium in the extracts(6). The 
present study was undertaken to assay neuro- 
muscular blocking activity of fractionated 
thymus extracts free of excess potassium. 

Methods. The specimen studied was a 
surgically resected thymoma from a 30-year- 
old woman with myasthenia gravis. The tu- 
mor was roughly H-shaped and weighed 48.5 


g. One lobe measured 14 cm in length and 
contained a 5 x 7.5 x 3 cm mass covered by a 
firm fibrous capsule. The other lobe measured 
9x1.5x1cm. The cut surface of the tumor 
showed lobules of soft yellow-white tissue sep- 
arated by firm fibrous trabeculae. Micro- 
scopic examination of several blocks fixed in 
Helly’s fluid and stained with hematoxylin 
and eosin showed a solid tumor composed of 
almost equal proportions of lymphocytic and 
epithelial cells. Used as a control was a 
sample of gastrocnemius muscle obtained at 
autopsy from a patient who died of cardiac 
disease. These tissues were extracted and 


fractionatedt by the low temperature, low 


* This study was supported by research grant from 
Nat. Inst. of Neurological Diseases and Blindness. 


t The author is indebted to Dr. Karl Schmid in 
whose laboratory the fractions were prepared. 


_ MYASTHENIA GRAVIS 


salt, ethanol procedure of Schmid, Rosa and 
MacNair(7). When applied to human 
plasma, 6 fractions are obtained. Fibrinogen 
(1), y globulins (II), a and 8 lipoproteins (IV 
and ITT), a2 mucoproteins (IV), albumen (V), 
and a; and a» glycoproteins (VI) are sepa- 
rated. When the thymoma was fraction- 
ated according to this method, 6 frac- 
tions were obtained. The bulk of the ma- 
terial appeared in fractions I (175 mg), LI 
(830 mg) and IV (990 mg). These fractions 
were not specifically analyzed. The skeletal 
muscle sample weighed 283.4 g and yielded 2 
major fractions, one containing fractions I, 
II, and III (1269.4 mg) and the other, IV 
and V (6700 mg). Each fraction from the 
thymoma and from control skeletal muscle 
was tested on the isolated frog sartorius prepa- 
ration in concentrations of 1 mg/ml of the 
lyophilized fraction in frog Ringer according 
to the method previously described(6). Frac- 
tions, with exception of thymoma fractions V 
and VI, were also dialyzed against distilled 
water at 4°C for 48 hours, lyophilized and 
tested for neuromuscular blocking activity. 
Several control runs with frog Ringer in place 
of the test extracts were also carried out to de- 
termine changes in responsiveness of isolated 
test muscle. Time for 50% inhibition/mg 
(T50) was computed for each fraction. Each 
fraction was tested on at least 6 frog muscle 
preparations. Potassium content of aliquots 
from each fraction was determined spectro- 
photometrically (Table I). 

Results. Table I presents the results ob- 
tained. 

Comment. The data show slight to moder- 
ate inhibition by all the thymoma and skele- 
tal muscle fractions tested. None of the 
thymoma fractions showed the dramatic 
blocking activity that might be expected if an 
active principle had been isolated. Potas- 
sium content of all the extracts was in the 
range compatible with normal neuro-muscular 
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TABLE I. Activity of Thymoma and Skeletal 
Muscle Fractions. 
Thymoma 
fraction T50 min, Td50 (K) meq/l* 
I 5.8 10.0 2.2 
II 8.3 7.2 1.9, 2.6 
IV 5.9 4.5 2.1 
V 6.1 iN) 
ALE 7.0 2.5 
Skeletal muscle 
CUS MML EEL 6.5 6.9 eye 
LV Vige Vek lige: 7.5 4.9 
Frog Ringer >15 2.0 


T50 = time (min.) for 50% inhibition of mus- 
cle contractions—undialysed fractions. 
Td 50 = dialysed and lyophilized fractions. 


* (K) of undialysed fractions. 


function. Thus, by this technic no blocking 
activity was found. 


Summary. Fractionated extracts from a 
thymoma surgically removed from a patient 
with myasthenia gravis when tested on an iso- 
lated sartorius nerve-muscle preparation 
failed to show significant inhibitory activity 
of any of the fractions when compared to 
similarly extracted normal skeletal muscle. 


The author expresses gratitude to Dr. Benjamin 
Castleman for making this work possible and for 
encouragement and advice. Acknowledgement is due 
to Miss Dorothy Urbach for technical assistance. 
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Neonatal Immunity. II. Poliocidal Effects of Human Amniotic Fluids.*t 


(24425) 


ALEX J. STEIGMAN AND Murray M. Lipton 
Kentucky Child Health Fn, Lab., Dept. of Pediatrics, University of Louisville School of Medicine, 
Louisville. 


The search for antibodies in body fluids 
and an interest in neonatal immunity has led 
to a search for antibody to the 3 polioviruses 
in amniotic fluid of the human subject at 
term. Although amniotic fluid is of vast im- 
portance to development of the fetus, informa- 
tion regarding its composition is scant. Data 
are available on total protein content and on 
concentration of various electrolytes(1). Lit- 
tle is known of the amounts of various blood 
proteins present such as gamma globulin, se- 
rum albumin, other globulins and fibrinogen. 
Work by Brambell and his colleagues(2) has 
shown that in the rabbit, antibodies appear in 
amniotic fluid after injection into maternal 
circulation. They also demonstrated the sub- 
sequent passage to and concentration of these 
antibodies in the stomach of the fetal rabbit, 
and suggested that it is conceivable that anti- 
bodies in the human newborn might come by 
way of the amniotic fluid. The steps might 
be as follows: swallowing, and concentration 
of fluid in the stomach and passage through 
stomach wall into the peripheral circulation. 
Concentration of proteins in amniotic fluid 
taken at birth has been reported(1) to vary 
from 0 to 1.5 g/100 ml of fluid, average 0.53 
g. Quantitative data for gamma globulin con- 
tent of amniotic fluid taken at term are at 
present not available. Amniotic fluid has been 
reported to be bacteriocidal(3). The nature 
of activity has not been established. This pa- 
per is a report on the presence of antibodies 
to the 3 poliovirus types in amniotic fluids of 
mothers who delivered normally at term. 

Methods. Amniotic fluids (AF) free of 
blood were collected from women with unrup- 
tured membranes who delivered normally at 
term. One specimen was collected from pa- 


* This investigation was supported by research 
grant from Nat. Inst. of Allergy and Infect. Dis. 

+ The authors wish to express their thanks to Dr. 
Douglas Haynes, Dept. of Obstetrics and Gynecolo- 
gy for assistance in obtaining specimens. 


tient at Caesarean section. Mothers’ (MB) 
and babies’ cord bloods (CB) were also col- 
lected. Mothers were in general of a low 
economic status and included both polio vac- 
cinated and non-vaccinated individuals. Most 
had a high level of antibody to the 3 polio- 
virus types. The mothers were of various 
races, ages and previous obstetric experience. 
The fluids on arrival at laboratory were cen- 
trifuged, and those containing sedimented 
blood cells were excluded from this study. 
Some fluids were titrated for neutralizing an- 
tibody both before and after heat inactivation 
at 56°C for 30 minutes, others only after inac- 
tivation. Neutralizing antibody titers of am- 
niotic fluid specimens and corresponding sera 
of mother and infant were determined simul- 
taneously by a modification of the suspended 
cell colorimetric test for neutralizing anti- 
bodies, using first passage monkey kidney cells. 
Amniotic fluids cleared by centrifugation were 
diluted in 2-fold dilutions starting with un- 
diluted fluid to a dilution of 1:512. Mater- 
nal and infant cord sera were titrated by doub- 
ling dilutions starting with initial dilution of 
1:4. To each dilution was added 100 TCIDso 
of a single type of poliovirus. All specimens 
were titrated for neutralizing antibody to all 
3 poliovirus types. After incubation of am- 
niotic fluid-virus and serum-virus mixtures at 
room temperature for 1 hour the monkey kid- 
ney cells obtained from bottles seeded with 
trypsinized kidney tissue were added to each 
tube and incubated 7 days at 37°C. The dil- 
uent used was 2% calf serum in Hanks’ bal- 
anced salt solution with 0.5% lactalbumin 
hydrolysate. The test was read by micro- 
scopic examination for presence or absence of 
cytopathogenicity. The titer was expressed as 
the reciprocal of the last dilution of serum or 
amniotic fluid which showed complete protec- 
tion. Gamma globulin was determined in am- 
niotic fluids as follows: amniotic fluids cleared 
of cellular debris were diluted in 4-fold steps 
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TABLE I. Distribution of Poliomyelitis Antibodies in Amniotic Fluid (AF), Maternal Serum 
(MB) and Cord Serum (CB) at Term. 


-—~_Type 1———_, 


Patient Age P/Gt AF MB CB 
1 16 1/1 64 1024 1024 
2 16 1/1 0 64 32 
3 22 2/2 1 64 64 
4 24 4/4 4 512 256 
5 25 4/5 0 <4 <4 
6 26 2 64 128 
7 29 6/6 0 32 32 
8 35 3/3 0 128 128 
a 37 2/3 <4 32 

10 39 «11/14 0 32 16 
ll 8/9 D 128. 128 
12 15 1/1 4 256 512 
13 19 2/2. 4 1024 512 
14 26 6/7 2 1024 64 
15 29 4/4 0 128 64 
16 16 1/1 <16 <4 <4 
17 18 2/3 16 256 128 
18 22 3/4 16 512 512 
19 25 4/4 4 1024 512 
20 26 6/6 4 2048 1024 
21 30 11/11 0 64 32 
22 38 5/5 64 256 256 


-———T ype 2———, y—— Type 3 —-— 
AF MB OB AF MB CB 
No record of vaecination 

256 4096 4096 0 82 32 
0 128 16 0 64. 16 
64 2048 2048 4 256 256 
> 128 128 2g 128 128 
4 Ode 512 0 64 64. 
2 256 256 0 32 32 
8 1024 512 0 128 128 
2 256 256 0 64 64 

2 256 <4 64 
1 64. 64 0 16 16 
16 Die 512 it 128 128 

1 ml polio vaecine 
2 1024 512 2 512 256 
8 1024 512 8 2048 128 
<2) 1024 16 <2 1024 16 
8 2048 - 1024 8 1024 1024 
2 ml polio vaccine 

<al6 <4 <4 <16 <4 <4 
8 1024 By} 16 512 128 
2 128 128 0 4 <4 
2 1024 1024 4 4096 4096 
2 128 64 1 64 64 

32 big 256 32 256 


256 


* Caesarian section. 


with saline. To 0.6 ml of each dilution was 
added 0.1 ml of anti-human gamma globulin 
rabbit serum whose precipitin titer (antigen- 
dilution method) was 1:50,000. The tubes 
were incubated at 37°C for % hour and over 
night at 4°C. Precipitation or flocculation 
was recorded. In a single experiment gamma 
globulin was concentrated from amniotic fluid 
using ammonium sulfate. Saturated am- 
monium sulfate was added to cold amniotic 
fluid to final concentration of 50% saturation. 
The precipitate so obtained was dissolved in 
one-tenth the original amniotic fluid volume, 
a 10-fold concentration. After dialysis at 4°C 
for 48 hours this solution was tested for pres- 
ence of gamma globulin by the method out- 
lined above. This solution was then titrated 
for presence of neutralizing antibodies 
against the 3 poliovirus types simultaneously 
with the original amniotic fluid. 


Results. Table I gives data for each of 23 
cases. In general, the ratio of neutralizing 
antibody of amniotic fluid to that of mother’s 
serum, for each virus type is a constant with- 
in the limits of experimental error (Table I). 


t P/G = parity/gravidity. 


An ideal case for demonstrating this is speci- 
men from patient 3 where the ratio of AF to 
MB is 1:64 for types 1 and 3 and 1:32 for 
type 2 poliovirus. In instances where the 
amniotic fluid titer is 0 (less than undiluted) 
this ratio could not be determined. Disparity 
between observed antibody levels in matched 
pairs of cord and maternal blood is occasion- 
ally observed (e.g. patients 13 and 14), as dis- 
cussed previously (4). 


Twelve amniotic fluids were tested for pres- 
ence of gamma globulin by the immunological 
procedure discussed under methods: The 12 
were positive for presence of gamma globulin 
in dilutions ranging from 1:16 to 1:1024. 

The polio-neutralizing antibody titers ex- 
pressed as dilution reciprocals obtained in the 
single gamma globulin concentration experi- 
ment are as follows: 


Typel Type2 Type3 


Original amuniotie fluid 4 8 8 


10 & concentrated amniotie 16 16 64 
fluid 


The concentrated solution was titrated for 
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presence of gamma globulin and compared 
with original fluid as follows: The endpoint 
of original fluid was between a dilution of 
1:16 and 1:64 whereas the endpoint using 
concentrated material was 1:160. The con- 
centrated solution on this basis was not 10- 
fold as expected but, closer to the 5-fold as 
indicated by the polio neutralizing antibody 
titers. 


Discussion. The finding of neutralization 
of 3 poliovirus serotypes by human amniotic 
fluid is not unexpected, but the question arises 
as to whether this poliocidal activity is due to 
antibody. The demonstration of gamma glob- 
ulin in the fluid, and the result of the con- 
centration experiment make it likely that this 
activity is due to an immune mechanism. On 
the basis of an experiment in which both 
heated and unheated amniotic fluid was 
titrated for neutralizing activity it can be said 
that there is present a heat labile factor be- 
sides the heat stable factor which is poliocidal. 
Whether this is an antibody cannot be deter- 
mined from our data. 


The second question concerns the source 
of the antibody. The fact that antibodies to 
the 3 polioviruses are in almost constant ratio 
to maternal serum, points to transmission of 
serum gamma globulin from her blood stream 
to the amniotic fluid. The mechanism by 
which this occurs has not been elucidated. 


It must be borne in mind that the relation- 
ship in antibody content of amniotic fluid, 
cord blood, and maternal blood is not constant 
for all antibodies. For example, it is well es- 
tablished that complete Rh antibodies do not 
pass into fetal blood as readily as incomplete 
Rh antibodies(5) and antibodies against the 
O antigens of enteric bacteria not as readily 
as flagellar antibodies(6). In preliminary 
experiments, unpublished, (Neter) on several 
specimens described in this paper the pres- 
ence of antibodies against various O antigens 
of enteric bacteria was determined. The pro- 
cedures employed have been described(7,8). 
The results obtained using selected amniotic 
fluids are shown in Table II. It was found 
that antibodies to various enterobacterial an- 
tigens used in the test appeared in only 1 of 
6 amniotic fluids. This patient #22 also had 
high poliovirus neutralizing antibodies to the 
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TABLE II. Enterobacterial Antibodies in Human 
Amniotic Fluids (Neter, 5). 


Coombs 
Hemagglutinin hemagglutinin 
Sveci- titers titers 
ae (reciprocal) (reciprocal) 
Patient source Sa Sh EC Sa Sh EC 
1 AF 
MB 80 320 80 80 320 80 
CB —- —- — 40 20 20 
3 AF xy =| — Mo 
MB 40 20 10 40. 1 Se Pee 
CB — 20 — 
4 AF 
MB 40 80 80 xX 160: 2288 
CB rl RS OS oP Oe 
i AF eG ene ee = 2 
MB eS = Oe 
CB — 40 — 80 80 20 
20 AF 
MB 160 80 160 160 160 160 
CB — —S_ 40 40 20 
22 AF 40 10 20 40 10 20 
MB 80 40 80 160 xX 160 
CB er XS UX ees OK 
AF = amniotic fluid; MB = maternal serum; 


CB = cord serum. 

Sa = polyvalent Salmonella groups A,, C., D,, E,. 
Sh = polyvalent Shigella flexneri 3, boydw 1, son- 
nei. EC = polyvalent Escherichia coli 111, 55, 26. 

=—— = less than 0; >< == not, done: 


3 types in her AF. These antibodies were in 
the ratio of 1:4, 1:16 and 1:8 respectively for 
the 3 types. On the other hand the ratio of 
enterobacterial antibodies were 1:2, 1:4 for 
hemagglutinins and 1:4 and 1:8 for Coombs 
hemagglutinins. 

Patient 1, whose poliomyelitis antibody 
levels in the amniotic fluid were high for types 
1 and 2 with a ratio of AF to MB of 1:16, had 
no detectable antibodies to the enterobacterial 
antigens. If the passage from maternal circu- 
lation to amniotic fluid were due to simple dif- 
fusion the ratio of 1:16 should hold and there 
would have been expected antibodies of a titer 
10 to 20 to the polyvalent Shigella antigens 
by both methods used. 

Perhaps the most important question con- 
cerns the protective role of amniotic fluid neu- 
tralizing substance. Our experiments prob- 
ably, however, rule out the thought that the 
antibody in the fetus comes only or to a ma- 
jor degree by way of the amniotic fluid. The 
good agreement between amounts of polio neu- 
tralizing antibody in maternal and infant sera 
is evidence against the role of amniotic fluid 


As 
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as a source of infant antibody. If the mechan- 
ism involved this fluid the discrepancies be- 
tween the 2 circulations would be expected to 
be much greater than the data indicate. Fur- 
thermore, many of the amniotic fluids do not 
have detectable antibody to some of the polio- 
virus types and the cord serums have appre- 
ciable levels of antibody. 


Summary. Amniotic fluid of humans at 
birth has been demonstrated to contain polio- 
cidal substance, active against all 3 serotypes 
of virus. Evidence has been presented which 
indicates that the activity is associated with 
the gamma globulin present in the amniotic 
fluid. The poliocidal activity is believed to 
be specific antibody. The presence of these 
antibodies has no correlation as far as can be 
determined with the age, color, polio immu- 
nization status of the mother nor with her 
previous obstetrical history. The level of 
antibody in the amniotic fluid for the 3 polio- 
viruses was in proportion to the levels in the 


blood serum and in general was demonstrable 
when the serum level was high. There is 
also in amniotic fluid an inhibitor to the 3 
polioviruses which is heat labile. Its charac- 
ter has not been determined. Enterobacterial 
hemagglutinins have been demonstrated in 1 
of 6 AF tested. 
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Porcine Kidney Cell Cultures for Propagation and Assay of Japanese 


Encephalitis Virus.* 


(24426) 


Ho WANG LEE, RONALD W. HINz AND WILLIAM F. SCHERER 
Dept. of Bacteriology and Immunology, University of Minnesota, Minneapolis 


Observations in 1956 at U.S. Army 406th 
Medical General Laboratory near Tokyo, Ja- 
pan showed that swine serve as important 
source of Japanese encephalitis (JE) virus for 
Culex tritaeniorhynchus, Japanese vector mos- 
quito, (unpublished). This finding together 
with the knowledge that JE virus causes still- 
birth in swine(1), stimulated inquiry into pos- 
sible effects of JE virus upon swine tissues in 
vitro. The initial study employed cultures of 
swine kidney because the basic principles were 
known for preparation of primary cultures 
from renal tissues(2). This article reports 
that cells in primary cultures from porcine 
kidney (PK) are rapidly destroyed by each of 
5 strains of JE virus and concurrently support 


* Sponsored by grants from Office of Surgeon Gen- 
eral, Dept. of Army, and N.I.H., and fellowship from 
Nat. Cancer Inst., N.I.H. 


virus multiplication. Cultures of swine kid- 
ney cells thus furnish a tissue culture system 
for assay and propagation of JE virus. 


Materials and methods. Viruses. Four 
strains of JE virus were isolated in Japan dur- 
ing 1955 and 1956 from swine blood, Black- 
crowned Night Heron blood, human brain, 
and triturated mosquitoes (Culex tritaenior- 
hynchus) (Table I). The fifth virus was 
Nakayama strain from Dr. C. M. Eklund 
(USPHS Rocky Mountain Laboratory). 
Mouse brain suspensions (10% in 10-40% 
rabbit serum in Hanks’ solution) and cultural 
fluids were stored in sealed glass ampules at 
~70°C for as long as 2 months before being 
assayed. Cultural fluids were kept above pH 
7.2 by addition of 1.4% aqueous sodium bi- 
carbonate solution to minimize inactivation of 
JE virus that occurs at lower pH’s(3). Kid- 
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neys were from fetuses to 18 inches in length 
(head to foot) from 59 swine of various 
breeds slaughtered at a local abattoir and from 
16 specially bred miniature pigs(4) less than 
8 months old.t Fetal kidneys were most sat- 
isfactory because kidneys from mature pigs 
yielded few viable cells with the methods em- 
ployed and kidneys from young swine were 
difficult to obtain regularly. Renal cortex 
was minced to 1 mm diameter fragments and 
rinsed free of erythrocytes with Hanks’ bal- 
anced salt solution (BSS) without sodium bi- 
carbonate (RBSS). The fragments, in a 100 
ml screw capped bottle, were covered by Difco 
1:250 trypsin, 0.25% in BSS at pH 7.6, and 
stirred on a magnetic mixer at 5°C for 15-20 
hours or until they disappeared. Cells were 
sedimented at 38 g for 5 minutes, rinsed 2 or 
3 times with 10-20 volumes of RBSS and sus- 
pended in measured volume of swine serum, 
20%, and BSS, 80% (SwS-20, BSS-80) with 
or without Difco yeastolate at 0.1% final con- 
centration. Penicillin and streptomycin were 
incorporated at 50-100 pg/ml. Cells were 
counted under 200x magnification in a hemo- 
cytometer, the cell concentration adjusted 
with SwS-20, BSS-80 to 10° cells/ml, and 0.5 
or 1 ml (5x10, or 10° cells) inoculated into 
each 16 x 125 mm screw capped test tube. 
Cultures were incubated in stationary slanted 
position at 36-37°C for 2-4 days before me- 
dium was changed or supplemented by addi- 
tion of 1 ml of SwS-20, BSS-80. After an- 
other 3-4 days of incubation either the sheets 
of epithelial cells were satisfactory for virus 
experiments or the medium .yvus again changed 
and incubation continued for several addi- 
tional days. Cultivation of virus in PK cul- 
tures. The medium was changed to 0.9 ml of 
a mixture of swine serum, 5% (or 20% in one 
experiment), yeast extract, 0.1% (optional), 
penicillin and streptomycin, 50-100 pg/ml, 
and maintenance solution(5). To initiate ex- 
periments, mouse brain suspensions of virus 
were inoculated, 0.1 ml/tube culture, while 
for subsequent passages, harvests of cultural 
fluid and cells were made from 2-6 cultures 
when greater than 80% of cells were de- 


t We are indebted to Swift Co. for weekly supply 
of porcine kidneys and to Hormel Fn. for kidneys 
from their specially bred line of miniature pigs. 
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stroyed. For growth curve experiments, fluid 
and cells were pooled from 3 cultures at se- 
lected time intervals regardless of CPE. In- 
cubation was at 36-37°C in a stationary posi- 
tion. Virus was assayed usually simultane- 
ously in mice and PK cultures by inoculating 


decimal dilutions, in 0.03 ml volume, intra- 


cranially into 5 or 6 3-4 week old weanling 
Swiss albino mice or in 0.1 ml volume into 2 
or 3 PK cultures containing 0.9 ml of SwS-5, 
MS-95/culture. For the Nakayama strain 
1 ml of diluted virus (in SwS-5, MS-95) 
was placed in tube cultures void of fluid 
medium. Mice were observed for 10 or 
14 days and cells for 7 days before LD;o and 
TCDs5 9 were calculated(6). Virus from cul- 
tures was identified by virus dilution neutral- 


ization tests in PK cultures and/or in mice _ 


using specific rabbit antiserum made either at 
406th Medical General Laboratory against the 
Nakayama strain, or at the USPHS Rocky 
Mountain Laboratory (furnished by Dr. C. 
M. Eklund). 


Results. Evidence that JE virus propagates 
in porcine kidney cells was obtained by 2 
types of experiments: 1) passage of virus 
through a series of cultures, and 2) measure- 
ment of virus growth in a single set of cultures. 
The cytopathogenic effects (CRE) of virus 
became evident within 2-5 days after inocula- 
tion of PK cultures with each of 4 virus 
strains, either as mouse brain suspensions or 
harvests from PK cultures. With Nakayama 
strain, total cell destruction did not occur un- 
til 6-10 days after inoculation. 

Serial passage of JE virus in porcine kidney 
cultures. Five strains of JE virus derived 
from different natural sources were inoculated 
as mouse brain suspensions into PK cultures, 
and subsequently passed serially 5-28 times 
(Table I). Each passage was made when 
80% or more of cells were destroyed, i.e., at 
2-4 day intervals for recently isolated strains, 
and at 6-10 day intervals for high mouse-and 
egg-passaged Nakayama strain. Mouse infec- 
tivity of each virus was maintained for 20- 
132 days, and although original mouse brain 
suspensions were cumulatively diluted 10%%5 
times, virus titers of cultural harvests re- 
mained 10°°-° to 10% LD; 9/ml for PK cul- 
tures and for weanling mice (Table I). Of 


JE Virus In PK Cuttures 581 


_ TABLE I. Serial Passage of JE Virus in Poreine Kidney Cell Cultures (5 Experiments). 


Virus harvested from serial 
passages as determined by 


is teas atratne simultaneous titrations of 


Cumulative 
7 Mouse brain No. of Duration log dilution Viral lethal- 
Original passage used virus pas- of virus Total of mouse CPE in PK ity in wean- 
source and as original sagein PK passage daysin brain inoeu- cultures, ling mice, 
designation inoculum cultures (days) culture lum log TCD;./ml —log LD,;o/ml 
Blood from pigin 2 [mouse brain 
mosquito trap, inoculum | (6.3) (8.9) 
Sagiyama, 1 4 4 4 4.5 7.3 
21 Aug., 56 6 4 19 11 6.6 6.0 
Pig-6 11 3 35 16 6.3 5.1 
18 4 61 25 7.0 5.2 
21 3 69 28 5.5 4.7 
24 + 83 31 5.2 6.3 
27 4 93 34 4,8* n.t.t 
28 4 a7 35 5.8 5.0 
Blood from wild 4 (7.5) (9.3) 
Black-crowned 6 4 23 7 6.7 5.0 
Night Heron, 7 4 27 8 5.0* n.t 
Shinhama, 
29 July, ’55 
281801 
Mosquito pool(14 3 (6.5) (10.2) 
C. tritaenior- 4 4 18 5 5.0* n.t. 
hynchus) , Sagi- 5 2 20 6 6.5 5.4 
yama, 8 Aug.,’55 
M5/596 
Human brain, 3 (5.5) (9.2) 
Yokosuka, 6 2 20 i 6.6 5.8 
5 Sept., °55 8 4 27 9 n.t 5.7* 
55-1735 
Human spinal >40 1 10 10 1 5.2 8.2 
fluid, Japan, (+4legg 5 7 42 5 5.2 8.0* 
1935 passages) 10 6 72 10 6.2 8.3 
Nakayama 15 6 102 15 6.5 7.5 
20 6 132 20 6.7 (fell 


* CPE or mouse infectivity of virus was neutralized with specific JE virus rabbit antiserum. 


t n.t. = not tested. 


interest were changes in ratio, mouse LD;5)/ 
PK culture TCD;,, that occurred with serial 
passage of virus. Whereas each strain of vi- 
rus as mouse brain suspension or first PK-pas- 
sage harvest titrated significantly higher in 
weanling mice than in PK cultures, virus de- 
rived from fifth or higher passages in porcine 
kidney cells assayed approximately as high in 
PK cultures as in mice (Table I). This find- 
ing has significance since it indicates that PK- 
passaged JE virus can be detected as well in 
PK cultures as in weanling mice, and that 
PK-adapted virus could be employed for as- 
say of serum neutralizing antibodies in PK 
cultures. 

Cytopathogenic effect of JE virus for por- 
cine kidney cells and its neutralization by spe- 


cific antibody. Each of 4 strains of JE virus 
in low mouse passage (Table I) regularly de- 
stroyed 80-100% of PK cells in 2-5 days, even 
at terminal dilutions in virus titrations; Naka- 
yama strain did not totally destroy cells until 
6-10 days after inoculation. Cells first round- 
ed, then aggregated in clusters, and finally 
detached from the glass. Usually peripheral 
cells of epithelial sheets were first affected, 
but central foci of degeneration were also 
seen. Uninoculated cells and cells undergo- 
ing destruction by JE virus are presented for 
comparison in Fig. 1 and 2. 

The cytopathogenic effect as well as mouse 
infectivity of JE virus could be neutralized by 
specific rabbit antiserum. Each strain of vi- 
rus employed for serial passage experiments 


582 


FIG. 1-3. Cytopathogenie effect of Japanese encephalitis virus (pi 


JE Virus in PK CuLtures 


Fs ee 


g-6 strain of 27th passage, 


Table I) for porcine kidney cells in test tube cultures; neutralization of CPE by specific rabbit 
antiserum. Final magnification, « 100. 


FIG. 1. Normal cells, uninoculated with virus. 


FIG. 2. Cells 3 days after virus inoculation. 


FIG. 3. Cells 3 days after inoculation of virus admixed with antiserum. 


- was neutralized either in PK cultures or in 
mice at passage levels indicated in Table I. 
Mouse infectivity of the human strain virus 
(55-1735) as 8th PK cultural harvest was re- 
duced from 10*/0.03 ml without antiserum 
to <10°-°/0.03 ml in the presence of antibody. 
A photograph of cells protected from destruc- 
tive effects of pig-6 virus by antiserum is 
shown in Fig. 3. 

Growth curve of JE virus in porcine kidney 
cultures. Growth curves were determined for 
2 strains of JE virus in PK cultures to learn 
the optimal time for harvest of virus. Pig-6 
and mosquito 5/596 strains of JE virus were 
inoculated as mouse brain suspensions into 
PK cultures in quantities calculated to yield 
6.9 and 4.3 mouse LDs 9 of virus/ml of cul- 
tural fluid immediately after inoculation. 
Quantities of mouse infectious virus in pooled 
cells and fluid were then determined 1, 3, 4, 5 
and 7 days after inoculation. Virus grew in 
cultures of porcine kidney cells and reached 
maximal titers during 3-5 days after inocula- 
tion (Fig. 4). Thereafter essentially 100% 
of cells were destroyed and virus merely de- 
teriorated. 

Discussion. Until recently JE virus was in 
the group of arthropod-borne viruses which 
fail to exhibit a consistent cytopathogenic ef- 
fect in tissue culture. Although some arbor 
viruses, such as Western equine encephalo- 


myelitis and West Nile fever regularly destroy 
HeLa(7,8), Henle’s human intestinal cells(8), 
monkey kidney(9), and chick embryonic tis- 
sue cultures(9), JE virus has with 2 excep- 
tions failed to produce total and/or consistent 
CPE(7,8,10). The exceptions are the report 
of McCollum and Foley that 2 strains in 4th 
and 8th mouse passages incompletely destroy 
Detroit-6 human epithelial cells(10), and the 
recent discoveries of Kissling(11), and 
Diercks and Hammon(12) that high mouse 
passage Nakayama strain produces CPE and 
can be titrated in primary cultures of hamster 
kidney. The findings reported herein with 
porcine kidney cells thus provide a second cell 
culture system in which JE virus can be as- 
sayed. However, because porcine kidneys are 
available in almost unlimited supply and at 
little expense from abattoirs, they may prove 
to be under certain circumstances, potentially 
superior to hamster kidneys for mass produc- 
tion of virus and widespread, inexpensive 
utilization of tissue cultures in study of JE 
virus. Moreover, it is conceivable that PK 
cultures might isolate virus strains biologically 
different from the mouse pathogenic strains 
currently known, and that their inexpense and 
ease of mass production may make them equal 
or superior to mice in tests for neutralizing 
antibody. The possibility that a vaccine for 
Japanese encephalitis could be made either 
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FIG. 4. Growth curves of Japanese encephalitis 
virus in porcine kidney cultures. 


from inactivated or attenuated virus grown in 
porcine or hamster kidney cultures also de- 
serves exploration because the mouse brain- 
and chick embryo-derived vaccines now avail- 
able have been unsatisfactory for large scale 
use in humans. Since swine are plentiful in 
Asia, porcine kidneys would be readily avail- 
able for vaccine production in countries where 
Japanese encephalitis occurs. 

The observation that JE virus grows in por- 
cine kidney cells in vitro cannot currently be 
related to the pathogenesis of swine infection. 
Although Japanese pigs are frequently in- 
fected in nature and develop viremia and anti- 
bodies (unpublished observations), they 
rarely manifest disease (encephalitis or still- 
birth). Whether the kidney in vivo is a site 
of virus proliferation following natural infec- 
tion by mosquito bite remains to be deter- 
mined, although if virus actually grows in 
swine kidneys, it certainly does not destroy 
cells as extensively as in vitro since no obvious 
renal pathology occurs. Similar, incompletely 
understood, situations also exist with the 
viruses of Newcastle disease, fowl plague, 
hemagglutinating virus of Japan and vesicu- 
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lar exanthema which have recently been re- 
eee to grow in porcine kidney cultures(13- 
15). 

Summary. Cells cultured in vitro from por- 
cine kidneys support growth of JE virus and 
are concomitantly destroyed. Each of 5 virus 
strains (from pig, bird, mosquito and man) 
was propagated serially through 5-28 pas- 
sages. Virus harvests from porcine kidney 
cultures titrated 10°8 ID; 9/ml in mice and 
in PK cultures. Total destruction of cells by 
recently isolated viruses in low mouse passage 
occurred usually within 2-5 days after inocu- 
lation of cultures, and could be prevented by 
specific antiserum. 
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Complement Levels in Mammals.* 


(24427) 


ARTHUR L. Levy (Introduced by Morton C. Kahn) 
Hodgkin’s Disease Research Laboratory, St. Vincent’s Hospital, New York City 


While investigating the level of complement 
in sera of patients with Hodgkin’s disease and 
patients with carcinoma, the complement level 
in various experimental animals was deter- 
mined so that these animal sera could be used 
to find complement-fixing antibodies. The 
level of serum complement for human beings 
and guinea pigs has been determined many 
times. Information about other species is 
limited, and determinations by a well-tested 
method such as that of Mayer and coworkers 
(1) are nonexistent. Since this method shows 
good precision and reproducibility(2), it has 
been employed with some simplifications for 
measuring mammalian complement, and it is 
useful whenever C’ levels determined in dif- 
ferent laboratories are to be compared. 


Materials and methods. (a) Sheep cells 
obtained commerciallyt were stored in Al- 
sever’s solution. They were washed, stand- 
ardized, and sensitized as previously de- 
scribed(3) to give a 1.25% sensitized cell sus- 
pension in barbital-buffered saline with added 
Mg. (b) Hemolysin was obtained commer- 
ciallyt and titered as described(3). (c) Sera 
were obtained from blood allowed to clot for 
2 hours at room temperature, rimmed, spun 
at 1200 g at 1°C for 10 minutes. Serum was 
removed and spun again under the same con- 
ditions for 30 minutes more to remove residual 
red cells. Complement titrations were carried 
out within 6 hours on this serum; simultane- 
ously small portions were sealed in glass am- 
poules and stored in dry ice at minus 70°C. 
(d) A Coleman model 6 spectrophotometer 
was used. Cuvettes were Wasserman tubes, 
16 x 100 mm, selected for uniformity and 
marked so that the same optical density was 
obtained with CuSO, solution as described 
(4). All operations were carried out in these 
tubes so that no transfers were made once all 
the reagents had been combined. These tubes 


* Supported in part by Dorothy H. and Lewis 
Rosenstiel Fn. and Damon Runyon Fn. fer Cancer 
Research. 

t Certified Blood Donor Service, Jamaica, N. Y. 


gave the same results as 40 ml centrifuge tubes 
recommended previously(1,2) and were con- 
siderably more convenient. (e) All glassware 
was washed in trisodium phosphate solution, 
rinsed in tap water, distilled water, then al- 
lowed to remain overnight in distilled water, 
and dried. Duplicate analyses carried out 
both in tubes washed in dichromate-sulfuric 
acid and tubes washed in phosphate agreed 
within experimental error. (f) Complement 
titration was done as follows: 1) Human sera 
and sera from rabbit, hamster, rat and dog 
were diluted 1:100 with barbital-buffered sa- 


line; guinea pig serum 1:500; and at least’ 


three tubes set up for each sample. 2) Two 
milliliters of sensitized sheep cells were added 
to each tube. 3) Buffered saline was added 


to each tube in an amount calculated to give . 


a final total volume of 7.5 ml when all reagents 
were present. 4) Usually 2.0, 2.5 or 3.0 ml 
of the serum dilution were added to the ap- 
propriate tube. 5) A blank of cells and saline 
only, as well as 2 duplicate tubes of cells plus 
water, corresponding to 100% hemolysis, were 
set up simultaneously. 6) Tubes were stop- 
pered, shaken, incubated at 37°C for 40 min- 
utes with frequent shaking, centrifuged at 
1200 g for 10 minutes and optical density read 
at 550 mu. 7) Per cent hemolysis in each 
tube, milliliters of serum giving 50% hemoly- 
sis, and the units of C’ per milliliter were cal- 
culated as described previously (3). 8) Mouse 
serum was used undiluted and with one-fifth 
of the above quantities of cells and buffer in 
a total volume of 1.5 ml. Cuvettes used were 
10x75 mm. Milliliters giving 50% hemolysis 
were multiplied by 5. Human sera assayed 
as described above gave the same values when 
repeated using this “micro” method. 

Results for different species are shown in 
Table I. For mice, values were obtained 
graphically from the von Krogh equation(3) 
in its logarithmic form: Log x = log k + 


1 
— log ( —.- ) where x is milliliters of serum 
n l-—y 


used, y is degree of hemolysis (100 y = % 


COMPLEMENT LEVELS IN MAMMALS 


TABLE I. Complement Levels in Mammals. 


Species No. CO! units/ml Range 
Normal humans 65 39.2 + 4.1* 25.4 - 484 
Guinea pig 11 262 +36 218 -341 
Dog 7 35.7 + 7.9 21.7 — 47.3 
Hamster, Chinese 6 40.6 + 7.7 32.8 — 55.1 

(Cricetelus gris- 

eus ) 

Rat (Long-Evans) 10 32.4 + 84 18.6 — 49.8 

Rabbit (New Zea- 11 8.8 + L7 6.5 — 11.6 
land White) 

Mouse, C3H 9 67+ .38 39-— 1.5 


* Stand. dev. 
hemolysis) and k and n are constants. When 


y, 
log x is plotted against log Ee ) a straight 
l-y 


g : ae ' 
line results, and its slope is —. C’ values for 
n 


all other species were calculated using the 
von Krogh factors(3). All species except the 
C3H mice gave a slope of 0.2 + 0.02 as in- 
dicated previously(1) for humans and guinea 
pigs. Normal C3H mice gave slopes of 0.38, 
0.43, 0.59, 0.81 on four different occasions. 
One human normal serum titered 8 times 
on the same day gave a value of 42.9 u/ml 
with a standard deviation of 1.1. Another 
one titered 5 times gave 40.2 + 1.4. Storage 
at dry ice temperature did not affect C’ titers 
of normal or pathological sera for at least 2 
months; by 6 to 9 months titers had de- 
creased about 15%. Titers on freshly drawn, 
unfrozen serum were the same as on those por- 
tions frozen immediately after shedding and 
assayed the next day. Complement titers in 
10 normal humans determined at different 
times on freshly drawn samples during the 
course of a year were constant within 10%. 


Of interest is the fact that the mouse, pre- 
viously reported(5) to be void of or very low 
in C’, does have a readily measurable amount. 
Furthermore, the same hemolytic system used 
to assay human C’ can be used on the mouse 
without any modifications, contrary to the re- 
port of McGhee(5), who had to modify the 
system in order to find measurable amounts 
of C’ in Swiss albino mice. Since it has been 
shown(1) that hemolytic titers will vary 
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greatly with the same number of sheep cells 
used, the system volume, and ionic concentra- 
tions, it is important when making compari- 
sons that the same system be used throughout. 
We have also used this hemolytic system for 
measuring the fixing of guinea pig complement 
in the presence of antibody-antigen reactions. 


Relative C’ levels found by Reader(6) were 
in the ratio of 1:1:4 for humans, rats and 
guinea pig, compared to 1:0.8:7 in this study. 
Larin et al.(7) found a ratio of 1:4 for dogs 
and guinea pigs compared to 1:7 found here. 
Values for humans and guinea pigs in this 
work agree well with those reported by inves- 
tigators using the same technic(1,2). 


Summary. 1. A_ sensitive, reproducible 
method capable of measuring complement 
levels in 7 different mammalian species is de- 
scribed. This method is a modification of the 
technic of Mayer and co-workers(1). 2. In 
sera of hamster, rat and dog the hemolytic 
complement activity is about the same as in 
that of normal humans; in guinea pig serum 
it is 7 times greater; in rabbit serum it is one- 
fourth of that in humans and in mice it is 
one-sixtieth, although readily measurable. 3. 
The slope of the hemolytic curve for C3H 
mice differs from that of all other species ex- 
amined and also varies for individual mice. 


I am indebted to Dr. Robert Kassel, of this labora- 
tory, who provided various animal bloods, and to 
A. Bianco and A. M. Ehnes for technical assistance. 
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Influence of Sex and Dietary Phosphatides on Cholesterol Levels in 


Blood Plasma of Swine.* 


(24428) 


ELpon G. Hitt, James J. PeIrER AND W. O. LUNDEBERGt 
Hormel Institute, University of Minnesota, Austin. 


Substitution of vegetable oils for more satu- 
rated fats in the diet has been reported to 
reduce blood cholesterol in various animals 
and in man(1-5). A temporary reduction of 
serum cholesterol in human subjects was ob- 
served by Steiner and Domanski(6) follow- 
ing ingestion of a commercial soybean lecithin 
mixture. Pilgeram and Greenberg(7) ob- 
served increased phosphatidyl choline forma- 
tion in rat liver slices from labeled amino- 
ethanol and methionine, when rats were fed 
high cholesterol diets, in contrast to rabbits, 
a species more susceptible to atherosclerosis, 
suggesting that phosphatidyl choline is neces- 
sary for normal cholesterol metabolism. These 
authors(8) also suggested that inability of 
certain animal species to form lecithin may 
result in metabolic block producing athero- 
sclerosis and that certain phosphatides may 
be necessary for normal cholesterol break- 
down. More recently it has been reported that 
injection of lecithin into rabbits grown on 
atherogenic diets results in clearing of athero- 
sclerotic lesions(9). We studied the effects of 
incorporating certain soybean phosphatide 
fractions in the diet on plasma cholesterol lev- 
els of a newly developed breed of small swine 
(10). 

Materials and methods. Thirty miniature 
pigs were divided into 5 groups of 6 pigs each 
when pigs were 40 to 51 days old. Group 1 
consisted of 4 boars and 2 gilts. Each other 
group consisted of 3 boars and 3 gilts. The 
boars were not castrated. It was of interest 
to observe sex differences, if any, in blood 
cholesterol values, as well as possible sex dif- 
ferences in response to treatment. The diets 
are shown in Table I. The pre-test diet was 
fed 33 days. Then, for the next 6 weeks, 


* Hormel Inst. publication no. 179. Supported by 
grants from Hormel Fn., Archer-Daniels-Midland 
Co., Glidden Co., and Spencer Kellogg and Sons. 

t The technical assistance of Clarence L. Silber- 
nick, Egis L. Warmanen, Philip Ahn and Wm. Cox 
is gratefully acknowledged. 


group 1 was fed the low-fat diet (5.17%) and 
the other 4 groups the high-fat diet (18.17%). 
At this time soybean phosphatides of 3 types 
were added at the level of 2% to diets of 3 
groups fed the high-fat diet. Compositions of 
phosphatides were estimated to be as follows:# 
(a) Crude soybean phosphatide, estimated to 
approximate 14 phosphatidyl choline, 1% phos- 
phatidyl ethanolamine, and % inositol phos- 
phatide. Methyl esters of phosphatide fatty 
acids had an iodine value of 126.6, and con- 
tained 43.6% dienoic acids and 6.4% trienoic 
acids, measured by alkali isomerization-spec- ~ 
trophotometric technic(11). (b) Alcohol-in- 
soluble fraction of soybean phosphatide, esti- 
mated to approximate % inositol phosphatide, 
Y% phosphatidyl ethanolamine, and trace of 
phosphatidyl choline. Methyl esters of the 
phosphatide fatty acids had an iodine value of 
121.1, and contained 41.1% dienoic acids and 
5.3% trienoic acids. (c) Alcohol-soluble frac- 
tion of soybean phosphatide, estimated to ap- 
proximate 24 phosphatidyl choline, 4% phos- 
phatidyl ethanolamine, and a trace of inositol 
phosphatide. The methyl esters of phospha- 
tide fatty acids had iodine value of 104, and 
contained 21.1% dienoic acids and 2.7% tri- 
enoic acids. Phosphatide supplements were 
fed 17 weeks. All diets were fed isocaloric- 
ally based on total body weight of all pigs, 
weighed weekly. The experiment was started 
with 270 calories/kg body weight/day, but 
because of continuous decrease in daily caloric 
consumption/kg body weight, it was neces- 
sary to reduce this level steadily as pigs grew 
older. At end of 17-week test period, the pigs 
were consuming 100 calories/kg body weight/ 
day. Plasma cholesterol levels were deter- 
mined(12) at 3 week intervals. Only data 
from end of pre-test period, the end of basal 
period, and end of test period are given in 
Table II. Data obtained at intermediate in- 


+ Phosphatide fractions and estimates of their com- 
position were furnished by The Glidden Co. through 
the courtesy of H. T. Iveson. 
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Dietary PHOSPHATIDES AND PLASMA LIPIDES 


TABLE I. Composition of Rations. 


Diet 
Pre- Low- High- 
Ingredient test fat fat 
cr. %o \ 
Corn, ground 15 15 15 
Oat groats 30 30 30 
Soybean oil meal, solyent 20 20 20 
Dried skim milk 10 10 10 
” fish solubles 2 2 2 
Trace mineralized salt 5 ma) 5 
Ca-P mineral mix (28% 1 1 1 
Ca, 6% P) 
Steamed bone meal 1 1 1 
Fortafeed 2-49e 2 2 2 
Vit. A and D oil (2250 A, 3 3 3 
400 D) 
Purified beef tallow .0 2 15 
Cellulose (Alphacel) .0 2.5 2.5 
Cholesterol .0 5 oo 
Cerelose (dextrose) 20 15 2 
Caleulated analysis: 
Calories/kg 3419 3099 3746 
Protein, % 19423 19.12 19.12 
Fat, % 3.17 ales <2 hse 
Calcium, % 72 72 12 
Phosphorus, % 61 61 .61 


tervals were consistent with the data shown 
in the Table. Analysis of variance was made 
for plasma cholesterol values and body weight 
values for each bleeding period. Plasma li- 
pides were extracted by cold saponification, 1 
N KOH, in ethanol. Six to 8 volumes of 
pooled plasma were mixed with 20 volumes of 
alcoholic KOH and left at room temperature 
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boiling temperaure for 15 min. and, after cool- 
ing, the fatty acids were isolated and taken to 
final volume of 10 ml with absolute methanol. 
All operations were carried out under a blan- 
ket of nitrogen. Polyunsaturated fatty acids 
were analyzed according to a modification of 
the method of Holman ef al.(11). The final 
calculations were based on constants of Herb 
and Riemenschneider(14). Plasma phospho- 
lipide phosphorus analysis was performed by 
modification of the method of King(13). 
Phospholipides were estimated as 25 times the 
concentration of lipide phosphorus. In each 
group equal volumes of plasma, from males or 
females, were pooled for analyses of polyun- 
saturated fatty acids. 

Results. Differences in body weights were 
nonsignificant for all periods tested, suggest- 
ing that neither differences in dietary treat- 
ment nor in sex of animals had any effect on 
changes in body weight. 

Plasma cholesterol values of pigs in all 
groups increased similarly during the 6 weeks 
prior to incorporation of phosphatide supple- 
ments, the males averaging +50 mg% and 
the females +58 mg%. 

Plasma cholesterol values throughout test 
period showed significant variation in relation 
to sex, with females showing higher plasma 
cholesterol values than males, regardless of 
dietary treatment. By end of third week the 


over night. The mixture was then brought to significance reached the 5% level, and by the 
TABLE II. Blood Plasma Cholesterol. 
(= At end of ——————-1 Change dur: 
33-day pre- 6-wk basal 17-wk test ing 17-wk 
test period period period test period 
Group r mg % > 
Low fat g (4) 67 109 80 — 29 
Q (2) 97 144 123 al 
Avg 77 121 94 27 
High fat & (3) 78 110 119 + 9 
Se Q (3) 100 140 166 +26 
Avg 89 125 142 sory, 
srude lecithin vg 83 146 84 — 62 
Idem + 2% crude lecithi c Oa a ee ae ek 
Avg 87 161 135 — 26 
% 2% aleohol-insoluble ¢ (3) 102 160 121 - 39 
ngs 2 (3) 78 148 142 = 6 
Avg 90 154 132 — 22 
; — 45 
He leohol-soluble 3) 99 154 109 
gas BCS : i 93 139 174 +35 
Avg 96 147 141 - 6 
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DIETARY PHOSPHATIDES AND PLasMA LIPIDES 


TABLE III. Plasma Polyenoie Acids at End of Basal Period.* 
Seen EEE — 


Tetra- Penta- Hexa- 
Dienes Trienes  enes enes enes PLt 
Group mg % SS VAG 
fat 23.5 Ai 11.4 3.2 23 138.5 1527 
gee 3 15.5 ils33 dt heat 2.0 2.9 139.0 97 
High fat 3 18.6 6 8.2 2.9 2:2; 173.0 1D 
P fe) 24.6 6 New 3.6 3.2 176.0 1.26 
Idem + 2% erude lecithin 3 14.3 0 6.7 2.3 Ls 168.4 1.15 
ae fe) PAA ASS 1.0 12.6 3.6 Bea 201.7 1.14 
» + 29% aleohol-insoluble ¢ 16.8 0 LG 3.6 3.9 191 1.19 
fe) 15.6 0 13.9 3.6 4.7 166 1.12 
ah 2% aleohol-soluble A 28.9 All ial! 4.2 4.9 158 1.03 
aie : fe) 16.9 i 12.4 eo) oon 152 1.09 


* Pooled plasma polyenoic acid content, mg/100 ml, at end of 6-wk basal period. 


+ Phospholipides—mg/100 ml plasma. 


{ Phospholipide (PL) /total cholesterol (TC) ratios. 


end of sixth week, the 1% level. This sexual 
difference in plasma cholesterol probably was 
due to the fact that all females were in gesta- 
tion by end of experiment. In this regard it 
should be noted that pregnant dairy cattle 
have been reported to have higher cholesterol 
values than nonpregnant cattle(15). 


Although plasma cholesterol values of all 
females combined were significantly higher 
than for males, the mean values actually were 
lower in 2 groups, the low-fat basal Group 1, 
and the high-fat basal group receiving 2% 
alcohol-insoluble supplement (Group 4). Sta- 
tistical significance of differences in plasma 
cholesterol values due to dietary treatment 
was low (P>.05, P<.10). However, data 
in Table II showed definite trends, all of 
which were consistent except for the 3 females 
in Group 4. During the test period, plasma 
cholesterol values of both males and females 
decreased in the low-fat Group 1 and _in- 
creased in the high-fat Group 2. That phos- 
phatide supplements had an effect on plasma 
cholesterol is shown since in all 3 supple- 
mented groups, values for males decreased ap- 
preciably. Even though, overall, females 
showed some increase in plasma cholesterol, 
those in Group 4 (supplement containing 66% 
inositol phosphatide) actually decreased 
slightly. The fact that the supplement con- 
taining large amount of inositol phosphatide 
led to a marked decrease in plasma cholesterol 
in males and inhibited increases in plasma 
cholesterol of females, suggests that this sup- 
plement was the most active in reducing 


plasma cholesterol. 

During test period, plasma tetraenoic acids 
(arachidonic) fell in all groups, and dienoic 
acids (linoleic) increased in both males and 
females fed high fat diets (Tables III and IV). 
Females fed basal diets had plasma cholesterol 
levels equal to, or greater than, males main- 
tained on same diets. During the test period, 
females maintained higher plasma tetraenoic 
acid levels than males. There was no appar- 
ent correlation between plasma cholesterol 
levels and circulating polyunsaturated fatty 


acids. While plasma phospholipides fell in 
males fed phosphatide supplements, such 
changes were not apparent in females. Preg- 


nant females did not show any change in ra- 
tio of their plasma phospholipide to choles- 
terol. In contrast, males receiving phospha- 
tide supplements showed a marked decrease 
in plasma phospholipides and in their phos- 
pholipide-cholesterol ratios. Longer term 
studies are in progress to determine more spe- 
cifically the changes in tissue lipides of minia- 
ture pigs fed phosphatides. 


Summary. 1) Body weights and_ blood 
plasma cholesterol values were observed peri- 
odically in male and female miniature swine 
fed high-tallow diets supplemented with diet- 
ary soybean phosphatides, for 17 weeks. Body 
weight changes were uniform throughout and 


were not related to sex or dietary treatment. | 
The plasma cholesterol values of females as _ 


a whole after 3 weeks on the test, were sig- 
nificantly higher than for males (P<.05) and 
remained so after 6 weeks on test diets (P 
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TABLE IV, Plasma Polvenoic Acids at End of Test Period.* 


Dienes Trienes 


Group 
Low fat 


High fat 
Idem + 2% erude lecithin 


” 


+ 2% alceohol-insoluble 


) 
g 
) 
2 
é 
£ 
rs) 
2 
$ 


* + 2% aleohol-soluble 


+0 
bo 
oo 
fon 


Tetra- Penta- Hexa- 
enes enes enes PLt 
mg %- ———_—__—___——., PL/TCt 
2.4 ilps “il le 1.52 
6.9 2.9 37 195.6 1.59 
3.3 1.8 sil 170.8 1.49 
6.1 1.8 2.3 185.8 1,12 
2.5 ei wl 109.2 1.30 
15.8 3.9 6.7 192.0 1.03 
6.6 2.8 2.4 100.5 85 
9.4 2.7 3.8 150.8 1.06 
8.1 2.9 2.5 140.2 .78 
9.4 a3 Dea 181.8 1.05 
t 


* Pooled plasma polyenoic acid content, mg/100 ml, at end of 17-wk test period. 


+ Plasma phospholipides, mg/100 ml. 


¢ Phospholipide (PL)/total cholesterol (TC) ratios. 


<.01), when gilts were pregnant. 2) While 
differences in plasma cholesterol values of sev- 
eral groups, due to dietary treatment, were 
not statistically significant at the 5% level, 
definite trends were observed. Plasma choles- 
terol values of all pigs fed the low-fat diet 
were reduced during test period, while those 
fed the high-tallow diet increased slightly. All 
3 of the dietary soybean phosphatide supple- 
ments, when added to the high-tallow diets, 
reduced plasma cholesterol values of males. 
The alcohol-insoluble fraction supplement 
(24 inositol phosphatides) also slightly re- 
duced plasma cholesterol values of females. 
3) Thus, under conditions employed, soybean 
phosphatides incorporated in the diet ap- 
peared to counteract the hypercholesteremic 
effect of the diet containing a relatively high 
proportion of a saturated fat. 4) The tetra- 
enoic acid concentration of plasma tended to 
be higher in females than in males fed com- 
parable diets. The feeding of phosphatide 
supplements, while having little effect on 
plasma lipides of pregnant miniature pigs, 
promoted a marked drop in plasma choles- 
terol, phospholipides, and phospholipide-cho- 
lesterol ratios in male miniature pigs. There 
was no apparent correlation between changes 
in plasma polyunsaturated acids and changes 
in other plasma lipides during this study. 


1. Kinsell, L. W., Partridge, J. W., Boling, L. A., 
Margen, S., Michaels, G. D., J. Clin. Endocrinol. 
and Metabolism, 1952, v12, 909. 

2. Ahrens, E. H., Blankenhorn, D. H., Tsaltas, 
T. T., Proc. Soc. Exp. Biov. anp MEp., 1954, v86, 872. 

3. Beveridge, J. M. R., Connell, W. F., Mayer, 
G. A., J. Nutrition, 1955, v56, 311. 

4. Hegsted, D. M., Andrus, S. B., Gotsis, A., Port- 
man, O .W., ibid., 1957, v53, 273. 

5. Keys, A., Anderson, J. T., Grande, F., Lancet, 
1957, vl, 66. 

6. Steiner, A., Domanski, B., Proc. Soc. Exp. 
Bror. AND MEp., 1944, v55, 236. 

7. Pilgeram, L. O., Greenberg, D. M., Circulation 
Research, 1955, v3, 47. 

8. , Science, 1954, v120, 760. 

9. Friedman, M., Byers, S. O., Rosenman, R. H., 
Proc. Soc. Exp. Bion. anp MEp., 1957, v95, 586. 

10. England, D. C., Winters, L. M., Carpenter, 
L. E., Growth, 1954, v18, 207. 

11. Holman, R. T., Hayes, H., Methods in Bio- 
chemical Analysis, Ed.: Glick, 1957, v4, 126. Inter- 
science Publishers, N. Y. 

12. Abell, L. L., Levy, B. B., Brodie, B. B., Kendal, 
F. E., J. Biol. Chem., 1952, v195, 357. 

13. King, E. J., Biochem. J., 1932, v26, 292. 

14. Herb, S. F., Riemenschneider, R. W., Anal. 
Chem., 1953, v25, 953. 

15. Lennon, H. D., Jr., Mixner, J. D., J. Dairy Scz., 
1957, v40, 1429. 


Received August 4, 1958. P.S.E.B.M., 1958, v99. 


590 


Protective Effect of Seaweed Extracts for Chicken Embryos Infected with 


Influenza B or Mumps Virus. 


(24429) 


Paur GERBER, JAMES D. DutTcHER, EUGENE V. ADAMS, AND JOHN H. SHERMAN 
(Introduced by Bradford N. Craver) 
Squibb Institute for Medical Research, New Brunswick, N. J. 


In screening tests for antiviral activity we 
often observed that insoluble compounds pre- 
pared as a suspension in 0.25% agar exhib- 
ited erratic, minimal protection for chicken 
embryos infected with influenza B virus. We 
suspected the presence of an active material 
in the agar, the more so, because different 
batches gave different results. This prompted 
the present study of the polysaccharides ob- 
tained from marine algae, particularly Geli- 
dium cartilagenium, the common source of 
domestic agar, and carrageenan, a galactan 
derived from Chondrus crispus. Polysac- 
charides from various sources exhibit certain 
antiviral properties. Bacterial polysacchar- 
ides have shown marked antiphage activity 
(1,2) and a yeast polysaccharide inhibited the 
multiplication of tobacco mosaic virus(3). 
The modifying effect of bacterial polysac- 
charides on infections caused by animal 
viruses was first observed by Horsfall and 
McCarty (4) and later by Ginsberg, et al.(5). 
They demonstrated the marked antiviral spe- 
cificity of these substances. Similarly apple 
pectin had specific effects against influenza A 
virus in fertile eggs(6). 

Materials and methods. Seaweed extracts. 
Gelidium cartilagenium: Agar obtained from 
this and other species of seaweed is mainly a 
linear polysaccharide of D-galactose units 
linked 1—3, with a small number of ethereal 
sulfate groupings(7). A typical extract was 
prepared as follows: 56 g of desiccated sea- 
weed* was allowed to swell in 4 liters of dis- 
tilled water, homogenized for 1 hour in War- 
ing blendor, and-shaken for at least 24 hours 
in a stoppered bottle. The insoluble materials 
were separated by centrifugation and filtra- 
tion through paper, after which they were held 
for future extraction. After the filtrate had 
been concentrated in vacuo (in a falling film 
evaporator at 40°C) to 1 liter, the polysac- 


* Supplied through courtesy of American Agar and 
Chemical Co., San Diego, Calif. 


charide was precipitated by addition of 2.5 1 
of acetone. The collected precipitate was re- 
dissolved by warming in 125 ml of distilled 
water and the solution lyophilized to yield 
3.75 g of a colorless solid. The insoluble sea- 
weed material, processed a second and third 
time, yielded 1.86 g and 0.75 g of lyophilized 
solid, respectively. Chondrus crispus: Aque- 
ous extracts of this alga yield the commercial 
product, carrageenin, which when purified is 
called carrageenan. It is a polysaccharide con- 
sisting principally of D-galactose units with 
some L-galactose and a ketose present. The 
amount of ester sulfate is about 28% greater 
in carrageenan than in agar. Carrageenint 
was dissolved in water and acetone precipi- 
tated as described under Gelidium above. The 
lyophilized samples prepared from _ both 
sources gave typical test reactions for poly- 
saccharides and were low in ash (2 to 5%). 
The component associated with antiviral ac- 
tivity was non-dialyzable. Solutions. Anti- 
biotic broth was prepared by addition of 100 
units of penicillin and 100 mcg of dihydro- 
streptomycin/ml of tryptose phosphate broth. 
Glucosol solution was prepared as described 
by Fulton and Armitage(8). Viral strains. 
The WS and PR8 strains of Influenza type A, 
Lee strain of Influenza type B, Lasota strain 
of Newcastle disease virus (NDV) and Enders 
strain of mumps virus were employed. All 
except mumps virus cause lethal infections in 
10-day-old embryonated chicken eggs. These 
viral strains were stored as infected allantoic 
fluid in sealed ampules a —70°C. Titrations of 
infectivity. Infected allantoic fluids were di- 
luted in 10-fold steps in antibiotic broth. 
Groups of four 10-day-old embryonated eggs 
were inoculated intra-allantoically with 0.2 
ml of each dilution and incubated at 36°C for 
2 days or, in the case of mumps, for 6 days. 
The presence of viral hemagglutinins in the 


t Seakem No. 6, obtained through courtesy of Sea- 
plant Chemical Corp., New Bedford, Mass. 
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TABLE I. Effect of Algal Polysaccharides on Viral Infections in Chicken Embryos (Treat- 
ment and Infection by the Allantoie Route). 


———————- Influenza ——————___ 


Material inj. lhr after Mumps -——Lee—_, 7— PR8—_ r-—wsS—_F7 ——NDV— 
infection 1/T* S/Tt ASTt S/T AST S/T AST S/T AST 
1.25 mg carrageenan extract 2/10 9/10 >10.0 0/10 5.6 0/10 4.4 AW AUN Gopye 
1.25 mg Gelidiwm extract 3/10 7/10 9.6 0/10 6.8 0/10 4.6 0/10 6.9 
.5 ml antibiotie broth 10/10 0/10 4.2 OV LO, B28 0/10 ~4.7 OF LOG ah 


* 1I/T — No. of infected/total; 100 EID,. 
¢ Avg survival time in days. 


allantoic fluids indicated infection, and the 
EIDs9 (50% egg infectious dose) was calcu- 
lated by the method of Reed and Muench(9). 
The hemagglutination test was done by the 
spot plate method(10) or according to the 
method of Salk(11) when quantitative data 
were desired. Embryonated egg tests. Groups 
of 8-day-old embryonated chicken eggs were 
infected by the allantoic route with approxi- 
mately 100 EID;, of mumps virus diluted in 
antibiotic broth. After an incubationary pe- 
riod of 6 days at 36°C the number of infected 
embryos was determined by the presence of 
hemagglutinins in the allantoic fluids. Influ- 
enza B virus, Influenza A virus or NDV di- 
luted in antibiotic broth to 100 LD» (50% 
lethal dose) was injected into the allantoic sac 
of 10-day-old chicken embryos. The eggs were 
incubated at 36°C for 10 days and embryonic 
deaths were recorded daily. Each test and 
control group consisted of 8 to 14 fertile eggs. 
One hour after infection with either virus, or 
as indicated in the text, 0.5 ml of the test ma- 
terial was inoculated by the allantoic route. 
The control groups received 0.5 ml of anti- 
biotic broth. De-embryonation technic. The 
combined in ovo-de-embryonation technic as 
_ described by Finter, ef al.(12) was employed. 

Results. A. Effect of algal polysaccharides 
on viral infections in chicken embryos. The 
algal polysaccharides at a dose of 1.25 mg/ 
embryo suppressed multiplication of mumps 
virus in 70-80% of the infected embryos and 
protected 70-90% of the embryos against 
death from influenza B virus infections (Table 
I). On the other hand, no protection was 
demonstrable under identical experimental 
conditions against infections with NDV and 
2 strains of influenza A virus. Similar results 
were obtained when treatment preceded the 
infection by 1 hour or 24 hours. None of the 


+ No. of survivors/total; 100 LD». 


polysaccharide-treated uninfected control em- 
bryos died and all hatched normally. Further- 
more, histological examination of the chorio- 
allantoic membranes showed no microscopic 
changes as a result of treatment by either 


polysaccharide. 
Dose response. To determine minimum ef- 
fective dose of polysaccharide, varying 


amounts of both polysaccharides were in- 
jected at doses ranging from 5 to 1280 mcg/ 
fertile egg infected with influenza B virus. As 
shown in Fig. 1, 40 mcg carrageenan extract/ 
embryo gave almost maximum protection 
(about 80%), whereas 5 mcg protected about 
30% of the embryos. The results obtained 
with preparations of Gelidium cartilagenium 
were similar in the region of higher dose levels 
but little or no activity was found when less 
than 80 mcg was employed. Using 10-fold 
dilution of influenza B virus, the results, sum- 
marized in Table II, show that 1000 times 


PERCENT SURVIVNG EMBRYOS 


S 20 80 320 1280 
CARRAGEENAN 
(MCG/EMBRYO) 
FIG. 1. Effect of varying amounts of carrageenan 
extract on chicken embryos infected with 100 LD 50 
of influenza B virus. Curve represents arithmetic 
mean of 3 experiments, 
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TABLE II. Infectivity Titration of Influenza B 

Virus in Chicken Embryos Treated with Carra- 

geenan Extract (Treatment and Infection by the 
Allantoic Route). 


Control Treated 
embryos,* | embryos,t 


Virus dilutions S/T 8/T 
10+ 0/10 1/10 
IO} he 5/10 
Hse v 9/10 
nos = 10/10 
Oe 5/10 : 
OEY 10/10 ‘ 

50% virus titra- LO One 


tion end point 


* 0.5 ml antibiotic broth 1 hr after infection. 
+ 78 wg carrageenan extract 1 hr after infection. 


more virus was required to cause a 50% fatal 
infection in embryos treated with 78 mcg 
carrageenan extract than in controls. 

Effect of delayed treatment: Groups of 14 
randomly selected embryonated eggs infected 
with influenza B virus were treated at 1, 18 
or 24 hours after infection with 40 mcg/egg 
of carrageenan extract. Four eggs from each 
group were used for repeated withdrawal of 
0.2 ml allantoic fluid at various intervals up 
to 72 hours, and the amount of virus in these 
fluids was determined by egg infectivity titra- 
tion (Fig. 2). Multiplication of virus in the 
14 controls began after a lag period of 6 hours 
and viral concentration reached a peak titer 
of 10°? at 48 hours. On the other hand, treat- 
ment with polysaccharide caused a temporary 
suppression in viral multiplication for 48 
hours; this was most marked when treatment 
had been started 1 hour after infection. All 
embryos of the control group died between 4 
and 5 days after infection, whereas 40 to 80% 
of treated embryos survived. Similar results 
were obtained in experiments with extracts of 
Gelidium cartilagenium. In an identical ex- 
periment using the PR8 strain of influenza A 
virus, no significant differences in viral titers 
were noted in the treated and control groups, 
and none of the embryos survived the 10-day 
period of observation. 

Effect of treatment through the yolk sac. 
Groups of 7-day-old chicken embryos were in- 
jected into the yolk sac with 1.25 mg algal 
polysaccharides. After 1 hour or after 3 days 
100 LDso of influenza B virus was injected 
into the allantoic sac. No antiviral effect was 


demonstrable in two such experiments. 


B. In vitro effects. Effects on viral infec- 
tivity: For this study the carrageenan or 
Gelidium extracts were dissolved at a dose of 
80 mcg in 4.5 ml of allantoic fluid containing 
100 LDs,)/ml of influenza B virus, the mix- 
tures were incubated at 36°C, and aliquots 
were removed for viral infectivity titration at 
0, 1 and 4 hours. Since each test material 
showed the same viral concentration as the 
control specimens without polysaccharide, we 
concluded that these polysaccharides exerted 
no virustatic or virucidal effect 7m vitro. 


Effects on hemagglutination. Green and 
Woolley(6) suggested that with influenza A 
a correlation exists between the inhibition of 
multiplication and of hemagglutination by 
polysaccharides. To examine this problem 
the effects of these algal polysaccharides were 
studied both on the chicken red blood cell as 
well as on the viruses (NDV, mumps, and the 
WS, PRS& and strains of influenza) themselves. 
0.3 ml of packed chicken red blood cells was 
added to 2 ml of saline containing 1280 mcg 
of polysaccharides. The mixture was incu- 
bated at room temperature for 3 hours with 
frequent agitation. The cell suspension was 
centrifuged, washed 3 times with saline, and 
then resuspended in saline to 0.5% concen- 
tration. Agglutination did not occur at any — 


Logio EI Dso/ ml. 


SURVIVORS/ TOTAL 
’ @— CONTROLS Os10 
/ @--@ TREATED + IHR. 8/10 
 --¥ TREATED + I8HRS. 7/10 


Bevery & TREATED + 24HRS. 4/\0 


I 685l2 18 24 48 72 
HOURS AFTER INFECTION 


FIG, 2. Virus content and survival rates of chicken | 
embryos treated with 40 yg of carrageenan at yar-} 
ious intervals following infection with 100 LD; of! 
influenza B virus. (Each point represents geomet- - 
rig mean of viral titers of 4 individual allantoic} 


fluid samples.) | 
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time in the absence of virus, but these poly- 
saccharide-treated cells were agglutinated by 
4 agglutinating units of each virus. Two-fold 
serial dilutions ranging from 1280 to 10 meg 
of each extract/0.25 ml of saline were pre- 
pared and added to an equal volume of 4 ag- 
glutinating units of each virus in saline. The 


_ mixtures were held at room temperature for 
_ one hour before adding 0.5 ml of a 0.5% sus- 


pension of chicken red blood cells. No in- 
hibition of hemagglutination was noted at any 
concentration of the polysaccharides. 
Horsfall and McCarty(4) reported a modi- 
fying effect of intranasally administered agar 
upon intranasal infections with pneumonia 
virus of mice (PVM). A limited study was 
therefore performed with these algal poly- 
saccharides in 3- to 4-week-old albino Swiss 
mice which had been infected intranasally 
with 100 LD-»°, of PVM or of influenza vi- 
ruses (PR8 and Lee strain). Intranasal in- 
stillations of 60 mcg of polysaccharide per 
mouse, given 24 hours before or up to 4 hours 
after infection with lethal doses of PVM, pro- 
tected 70% of the animals, but had no effect 
upon the course of infections with influenza 
A or B. Furthermore, no modifying effect 
was observed with either polysaccharide given 
intravenously or intraperitoneally. 
Discussion. The antiviral effects of poly- 
saccharide-containing substances extracted 
from Gelidium cartilagenium or carrageenan 
on chicken embryos were rather specific. 
These agents were non-toxic in the concentra- 
tions employed, and caused a transient sup- 
pression of growth of influenza B virus and a 
reduction of the infectivity of mumps virus; 
they were, however, without effect upon in- 
fluenza A virus or NDV. The results ob- 
tained suggest the possibility that these poly- 
saccharides may act intracellularly. 
Ginsberg(5) postulated that PVM and 
mumps viruses require metabolic systems dif- 
ferent from NDV and influenza virus, because 
polysaccharide derived from Klebsiella pneu- 
moniae selectively inhibited only the former 
pair. Since the results of this study have 
demonstrated that extracts of Gelidium car- 
tilagenium and carrageenan selectively inter- 
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fere with the multiplication of PVM, mumps 
and influenza B virus, it would appear that 
these viruses may share metabolic pathways 
which can be blocked by certain polysac- 
charides. 

Other algal polysaccharides, such as lami- 
narin, fucoidin and algin, which lack galactan 
units in their chemical composition, showed no 
antiviral properties(6,13). 

Summary. 1) Polysaccharides extracted 
from Gelidium cartilagenium and carrageenin 
exerted a marked inhibitory effect on growth 
of influenza B virus and mumps virus in em- 
bryonated eggs but had no effect on the multi- 
plication of influenza A virus and NDV. Sig- 
nificant protection against otherwise fatal in- 
fections with influenza B virus was obtained 
when treatment was delayed as long as 24 
hours after viral inoculation. 2) Use of 
commercial agar as a vehicle for insoluble 
compounds may yield misleading results in 
screening tests in chicken embryos infected 
with either influenza B or mumps virus. The 
use of inert agents such as carboxymethyl cel- 
lulose obviates this difficulty. 
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Steroid A‘-Hydrogenases of ‘Rat Liver.* 


(24430) 


E. ForcuHIELLI, K. BRowN-GRANTt AND R. I. DORFMAN 
Worcester Foundation for Exper. Biology, Shrewsbury, Mass. 


Previous studies with fractions prepared 
from livers of adult male rats have dem- 
onstrated presence of both a soluble A*- 
5@-hydrogenase and a microsomal A‘-5a-hy- 
drogenase(1). Development of a quantita- 
tive method for assay of these enzymes(2,3) 
has made possible a study of the effective en- 
zyme concentrations in liver with respect to 
such factors as sex, age and endocrine status. 


Methods. Animals were sacrificed by stun- 
ning and decapitation and the livers rapidly 
removed and chilled on ice. All subsequent 
operations were carried out at 2-3°C. Tissues 
were homogenized by a VirTis blendor at full 
speed for 20 seconds with one or 1.5 volumes 
of either 0.25 M sucrose or 0.154 M KCl as 
homogenizing medium. The various tissue 
fractions were prepared by differential centri- 
fugation in a Spinco Model L centrifuge. The 
usual incubation procedure was as follows: a 
volume of each tissue preparation equivalent 
to 100 mg wet weight of whole liver plus 0.5 
uM of steroid substrate was incubated with 
1 pM TPN, 5 pM glucose-6-PO,, 0.5 K unit 
glucose-6-PO, dehydrogenase, 10 »M MgCl, 
20 »M phosphate buffer pH 7.2, and 0.154 M 
KCl to make a final volume of 1 ml; the in- 
cubation periods were for 10 minutes (unless 
otherwise indicated) at 37° in an atmosphere 
of nitrogen. The reaction was stopped by 
rapid chilling of the incubation tubes and 
steroid substances were extracted with 4 ml 
redistilled methylene dichloride. Recoveries 
in control experiments averaged 95%. This 
value was used in calculation of reaction rates 
which were determined by measuring the loss 
of the characteristic absorption near 240 mu. 
All determinations were performed in tripli- 
cate. Nitrogen determinations were made in 


* These investigations were supported in part by 
grants from U. S. Atomic Energy Comm.; 
U.S.P.H.S.; and Nat. Cancer Inst., U.S.P.H:S. 

+ Present address: Department of Physiology, 
Univ. of Birmingham, England. Dr. Brown-Grant 
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Foundation of Travel Grant. 
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duplicate by a micro-Kjeldahl method. 
Results. Comparison of reducing activity 

of male and female rat livers. A marked 

quantitative difference was observed in ster- 


oid A* reducing activity of whole homoge- 


nates prepared from livers of adult male and 
female rats when 11-deoxycortisol was used as 


| 
| 
| 
: 
| 


a substrate. The activity of female livers was 


consistently higher whether expressed as »M 
of substrate reduced /100 mg wet weight 
equivalent or /mg nitrogen (Table I). In ad- 
dition to the quantitative difference, a striking 
qualitative difference was observed. In the 
female, A* reducing activity was found only 
in the microsomal fraction. No evidence for 
the 58 soluble enzyme could be obtained in 
female liver preparations but this enzyme is 
easily demonstrable in male rat liver(1,4). 
The difference in level of A* reducing activity 
observed in whole homogenates of male and 
female livers was also seen when the activity 
of the microsomal fractions was compared 
(Table I). Ratio of activity (female/male) 
was only slightly lower than that seen with 
whole homogenates. 


The microsomal 5a-enzyme prepared from | 
the female liver appeared to be the same as } 
that separated from the male liver with re- - 
spect to pH optimum (7.0-7.5) stability and | 
similar relative rates of reduction with various : 
It may be: 
noted that the ratio of A* reducing activity 
between male and female was quite constant, . 
whether the activities were compared in whole : 
homogenates (not shown) or in microsomal | 
This suggests that under the con-- 
ditions of these experiments A* reducing ac-- 
tivity of male rat liver is predominantly due: 
Indeed, when : 
the soluble enzyme was prepared free from) 
particulate material by centrifugation at 105,-. 
000 x g, only 18-21% of the whole homoge-- 
nate activity was found in this fraction. In) 


steroid substrates (Table II). 


fractions. 


to the 5a microsomal enzyme. 


confirmation of the findings of Tomkins(4), 


the soluble 58 enzyme was found to exhibit; 


an acid pH optimum (5.5-6.0) and in the un-. 
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TABLE I. Comparison of Reducing Activity of Whole Homogenates and Microsomal Fractions 
of Male and Female Rat Livers. Substrate: 11-Deoxyeortisol. 
uM X 10% steroid reduced/100 mg uM X 10* steroid reduced/mg 
wet wt equivalent (mean + 8.E.) nitrogen (mean + §.E.) 

Type of No. of r we =n) 
preparation pairs é 2 Ratio* é Q Ratio* 
Whole homogenate 6 94+8.3 349+ 30.0 3.8 + .44 76+ 6.5 274+ 27 3.74.31 
Microsomal 6 53+5.4 188+ 33.3 3.5 + 44 147 +14.7 5364137 3.4+ .60 


* Ratio — female/male. 


“TABLE IT. Relative Rates of A*Reduction (y~M 
per Min.) of Various Natural and Synthetie Ster- 
oids by Microsomal 5a Enzyme Prepared from 
Male and Female Rat Livers and by Soluble 5 
Enzyme from Male Rat Liver. (Results expressed 
in terms of cortisol = 100. Ineubations were for 
30 min. with 80 xg steroid. Actual reductions of 
cortisol were 0.105, 0.112 and 0.097 uM in 30 min. 
for female 5a, male 5a and male 5g enzyme respec- 


tively.) 
Type and source of enzyme 
preparation 
ao eS 
Substrate microsomal Microsomal Soluble 
Cortisol 100 100 100 
11-Deoxycortisol 91 80 67 
Deoxycorticosterone 154 141 34 
Progesterone 126 130 35 
A*-Dehydrocortisol 14 4 13 
2a-Methyleortisol 0 0 0 
A\*-Androstene- 179 a7, 146 
3,17-dione 
Testosterone 164 155 83 
19-Nortestosterone 87 101 64 
17a-Methy1-19-nor- 108 105 48 
testosterone 


purified state to be active with a variety of 
steroid substrates. The relative rates, how- 
ever, were quite different from those observed 
in the case of the 5a microsomal enzyme 
(Table IT). 

Effect of ovariectomy and hypophysectomy 
in female rats on levels of microsomal 5a- 
enzyme. The sex differences suggested the 
possibility that the gonads may be involved 
in control of A* reducing enzyme activity in 
rat liver. Accordingly, female rats were 
ovariectomized at 21 days of age and when 
examined 28 and 33 days later showed only a 
slight but consistent drop of 10% in titer of 
the 5a microsomal enzyme. Animals injected 
subcutaneously with a daily dose of 50 pg 
of estradiol-178 benzoate showed no change 
from control values. Hypophysectomized fe- 
male rats (140-150 g initial body weight) 
showed a 73% drop in reducing activity 10 

days after operation. Thirty days after oper- 


ation no reducing activity was detectable in 
the microsomal fraction. Loss in activity was 
reduced about 50% by administration of 
ACTH (1.0 I.U./day), pregnant mare serum 
(10 I.U./day) or growth hormone (Horner, 
10 pg/day) for 10 days. 

Variations in microsomal 5a-enzyme with 
age in female rats. Striking differences were 
noted in the 5a reducing activity in livers 
from female rats of different age groups rang- 
ing from 10 days to more than 18 months 
(Table III). The low enzyme titer in the 
10-day-old rats was increased threefold in 15 
to 21-day-old animals. Between the 21st and 
43rd days of life the enzyme content was again 
tripled. This high level of activity remained 
constant at least until the rats were 11 months 
old. A significant drop, however, was ob- 
served in a group of animals older than 18 
months. 


Discussion. There is no explanation at 
present for the marked qualitative and quan- 
titative differences in concentration of liver 
A*t-hydrogenases between female and male 
rats. The possibility of a gonadal control of 
these enzymes, while not excluded, received 
little support from ovariectomy experiments 
in the female. Furthermore, a sharp increase 
in enzyme titer takes place before sexual ma- 
turation in the female, which again argues 


TABLE III. Variations of 5a Microsomal Enzyme 
Activity in Livers of Female Rats of Different 
Ages (One Hr Incubation). 


No.of 11-Deoxycortisol 


Age (days) rats reduced (%) 

10 20 8 

15 18 24 

21 15 26 

27 8 67 

43 2 85 

97 3 88 

330 6 88 
>540 3 25 
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against a major role for the ovary in control 
of the Sa enzyme level. The more marked 
effects of hypophysectomy are difficult to in- 
terpret, especially as several trophic hormones 
were able in some degree to restore the levels 
of activity toward normal. 

Summary. 1. The rate of A* reduction of 
11-deoxycortisol was 3-4 fold greater in fe- 
male than in male rat liver whole homoge- 
nates. The same sex difference was found in 
microsomal fractions containing the A*-5a- 
hydrogenase. 2. Evidence was found for 
only one A*-hydrogenase (Sa-microsomal) in 
female rat liver in contrast to the male liver 
which contains the soluble A*-56-hydrogenase 
as well. 3. Ovariectomy of adult female rats 


Reversal of Hepatic Venous Circulation in Dogs.* 


REVERSAL OF HEPATIC VENOUS CIRCULATION 


did not produce any marked change in en- 
zyme titer. Hypophysectomy resulted in a 
sharp drop which could be reversed in part 
by ACTH, growth hormone or pregnant 
mare’s serum. 4. Rapid increases in the titer 
of A‘-5a-hydrogenase in the liver of the fe- 
male rat occurred prior to the known stages of 
sexual maturation. 


1. Forchielli, E., Dorfman, R. I. J. Biol. Chem., 
1956, v223, 443. 


Up , Endocrine Soc., 39th Meeting, N. Y., 
1957. 
she , Fed. Proc., 1958, v17, 222. 


4. Tomkins, G. M., J. Biol. Chem., 1957, v225, 13. 
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Cuartets G. Cuttp, IIT; Eucenr F. McDonoucu, Jr. AND GERARD C. DESROCHERS 
(Introduced by J. M. Hayman, Jr.) 
Dept. of Surgery, Tufts University School of Medicine and Surgical Service, Boston City Hospital, 
Boston, Mass. 


Much has been learned over the years about 
the function of liver in animals bv surgically 
altering its normal vasculature. Ligation of 
the hepatic artery(1), Eck fistula(2), trans- 
position of portal vein and vena cava(3), and 
partial occlusion of the hepatic outflow tracts 
(4) have all contributed to a better under- 
standing of the complexities of hepatic func- 
tion. Several years.ago one of us (CGC) con- 
ceived that additional information about func- 
tion and hemodynamics of the liver might be 
gained were it possible to study for prolonged 
periods animals whose hepatic venous circu- 
lation had been reversed. This report de- 
scribes experiments in dogs as a result of 
which all caval blood caudad to the diaphragm 
enters the liver through the hepatic veins and 
leaves, together with the hepatic arterial blood, 
by way of the portal vein. Dogs with this 
type of reversal of hepatic blood flow have 
now survived up to 57 days in apparent good 
health. Didier(5) demonstrated in dogs that 
the flow of portal blood alone could be re- 


* This investigation was supported by research 
grant from Nat. Heart Inst., U.S.P.HS. 


versed for a few hours. He did his experi- 
ments at the suggestion of M. Hallion, but 
did not, as far as we have been able to deter- 
mine, secure prolonged survival among his 
animals. Didier’s experiments were — not 
known to us when we started our investiga- 
tions of reversal of hepatic venous circulation. 

Materials and methods. Wealthy mongrel 
dogs weighing 12 to 44 kg were anesthetized 
with intravenous pentobarbital sodium, 60 
mg/2.2 kg of body weight. Animals were 
maintained during open thoracotomy by inter- 
mittent positive pressure endotracheal insuf- 
flation. A crimped teflon vascular prosthesis, 
1 cm internal diameter and varying in length 
with size of dog from 11 to 15 cm, was used 
to maintain free flow of blood from the side 
of the superior mesenteric vein to the side of 
thoracic inferior vena cava. After completion 
of end to side anastomoses, 50 mg of heparin 
in 500 ml of isotonic saline solution was ad- 
ministered slowly over 3 hours into a con- 
venient vein in the jejunal mesentery. When 
the vascular prosthesis between superior mes- 

+C. R. Bard, Summit, N. We 


REVERSAL OF HEPATIC VENOUS CIRCULATION 


FIG. 1. Diagrammatie representation of reversal 
of hepatic venous circulation in the dog, right up- 
per abdomen, right lower thorax and right dia- 
phragm are exposed. Free blood flow from supe- 
rior mesenteric vein to inferior thoracic vena cava 
is provided by crimped teflon vascular prosthesis 
sutured in end-to-side positions. The vena cava has 
been securely ligated with heavy braided silk just 
above diaphragm. All caval blood, to and includ- 
ing diaphragmatic veins, enters liver through the 
hepatic veins and leaves the organ through the 
portal vein. It is joined at sinusoidal level by the 
hepatic arterial blood and at about site of superior 
mesenteric anastomosis by splanchnic venous drain- 
age. Preparations of this type are now surviving 


2 mo after operation in apparent good health. 


enteric vein and inferior thoracic vena cava 
appeared to be functioning nicely, the vena 
Cava was securely ligated, and in many dogs 
divided, just cephalad to diaphragm (Fig. 1). 
The abdominal and thoracic wounds were then 
closed in layers. During operation unmatched 
citrated whole dogs’ blood was administered 
when necessary. On the day following opera- 
tion and thereafter the animals were allowed 
free access to water and a standard laboratory 
diet consisting of dog meal and canned horse 
meat. Seven and 30 days following operation 
cinefluroscopic and venographic studies were 
performed upon 3 survivors. In each instance 
20 ml of 70% Diodrast solution was injected 
into the inferior vena cava just below entrance 
of the renal veins. The opaque mass could be 
followed radiographically to the sinusoidal 
level within the liver. Here, free mixing with 
hepatic arterial blood precluded visualization 
of portal venous radicals. The hepatic shadow 
could be, however, identified. As caval and 
hepatic arterial blood left the liver, its Dio- 
drast content was further diluted by mixing at 
site of portal anastomosis with splanchnic por- 
tal blood. Nevertheless, visualization of the 
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vascular prosthesis was obtained. A repre- 
sentative caval venogram and hepatogram is 
reproduced in Fig. 2, together with an ex- 
planatory diagram. Microscopic sections were 
made of small segments of liver removed from 
some animals on 4th, 5th, 42nd, and 50th days 
after operation. The only microscopic fea- 
tures of these livers, distinguishing them from 
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FIG. 2A and 2B. Caval-hepatic venogram, follow- 
ing reversal of hepatic venous circulation. 

FIG. 2A. Unretouched cavalgram and hepatic 
yvenogram obtained by inj. 20 ml of 70% Diodrast 
into vena cava of dog just caudad to entrance of 
renal veins. The contrast medium can clearly be 
seen in the vena cava, in hepatic veins, in liver and 
faintly in teflon vascular prosthesis. 

FIG. 2B. Tracing of roentgenogram (A) appro- 
priately labeled. 


REVERSAL OF HEPATIC 
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FIG. 3. Microscopic sections obtained from dog 

whose hepatic venous circulation had been reversed 

for 47 days. A = dilated subcapsular lymphatics; 

B = dilated central veins; sinusoidal conges- 
tion; D = central necrosis. 


normal, are: (1) dilated subcapsular: lym- 
phatics; (2) dilated central veins; (3) sinus- 
oidal congestion; and (4) small areas of cen- 
tral necrosis of hepatic cells. Representative 
_ microscopic section is reproduced in Fig. 3. 
‘Total protein, serum albumin, serum globulin, 
serum bilirubin, blood ammonia, bromsulfa- 
lein excretion, and serum glutamic oxaloacetic 
transaminase were measured at intervals after 
operation in the peripheral blood of surviving 
animals. The only consistent abnormality 
was a persistently elevated blood ammonia in 
most animals. 

Results. Hepatic venous circulation has 
been reversed in 19 dogs. Seven have sur- 
vived 4, 5, 17, 23, 27, 47, and 57 days after 
operation. One healthy survivor died during 
an exploratory celiotomy performed 47 days 
after operation. The cause of death was 
clearly pulmonary aspiration of gastric con- 
tents. The remaining 12 animals died within 
6 to 18 hours of operation. In 8 the teflon 
prosthesis and both anastomoses were patent; 
in 4 these were partially compromised by 
thrombi. The cause of this high postoperative 
mortality has been obscure. At one time we 
thought it might relate to inactivation of cor- 
tical adrenal steroids by their immediate pas- 
sage through the liver(6). Cortisone acetate 
administered before and after operation 
failed, however, to alter our rate of survival. 


— 


VENOUS CIRCULATION 


The abdominal cavities of 2 animals were 
explored at 42 and 47 days respectively. 


Each contained several hundred ml of ascitic 


fluid. The liver in each was enlarged, tense, 
and dark red in color with areas of blue mot- 
tling. The portal pressures were 18 and 20 
cm of saline. The peritoneal cavities of 2 
animals which died at 4 and 5 days contained 
700 to 800 ml of ascitic fluid. The composi- 
tion of the fluid in these 4 animals was es- 
sentially the same as that produced in dogs 
by partial constriction of the thoracic inferior 
vena cava with a metal band. 

Dogs surviving this operation from 17 to 
57 days have all lost up to 30'% of preopera- 
tive body weight. In this respect they re- 
semble animals with end to side portacaval 
shunts (Eck fistulae). Whether they will ex- 
hibit further nutritional deterioration, ‘‘meat 
intoxication” and death, characteristic of ani- 
mals with an Eck fistula, is currently under 
investigation(7). 

Conclusions. 1. Dogs survive for pro- 
longed periods, at least 57 days, following re- 
versal of their hepatic venous circulation. 2 
Crimped teflon vascular prostheses remain 
patent in these low pressure venous systems 
and function satisfactorily enough to achieve 
objectives of this experiment. 3. This experi- 
mental preparation is presented as one po- 
tentially capable of contributing materially 
to studies of hepatic function and intrahepatic 
and extrahepatic vascular hemodynamics. 


/ 


We wish to acknowledge the technical help of Mr. 
Edwin H. Abbott and Mr. Robert F. Maier. 


1. Markowitz, J., Rappaport, A., Scott, A. C., 
Proc. Soc. Exp. Bron, AND AND MeEp., 1957, v70, 305. 

2. Child, C. G., Surg., Gynec. and Obst., 1953, v96, 
Sian 

3. Child, C. G., Barr, D., Holswade, G. R., Harri- 
son, C. S., Ann. Surg., 1957, v138, 600. 

4. McKee, F. W., Schilling, J. A., Tishkoff, G. N., 
Hyatt, R. E., Surg., Gynec. and Obst., 1949, v89, 529. 


5. Didier, R., Compt. Rend. Acad. d. Sci., 1942, | 


v214, 695. 


] 


6. Summers, W. B., Malette, W. G., Eiseman, B., | 


Surg. Forum, 1956, v7, 429. 


7. Hahn, M., Massen, O., Nencki, M., Pavlov, J., | 


Arch. Exp. Path. u. Pharmakol., 1893, v32, 161. 


Received August 7, 1958. 


P.S.E.B.M., 1958, v99. | 


TT? we 


‘599 


Response of CO:.-Deficient Human Cells in vitro to Normal Cell Extracts.* 
(24432) 


Ropert P. GEYER AND Joyce M. Nemark (Introduced by F. J. Stare) 
Dept. of Nutrition, Harvard School of Public Health, Boston, Mass. 


Human cells of HeLa and conjunctival 
strains failed to show a net increase in num- 
bers when grown in absence of COQs(1). Un- 
der conditions of the experiments, cells so ar- 
rested for as long as 14 days resumed multipli- 
cation when COs was again supplied. Grossly, 
the cells appeared healthy, and active me- 
tabolism of radioactive glucose was found. 
These characteristics, together with resump- 
tion of multiplication when COs, was provided, 
indicated that cell viability was high and sug- 
gested depletion of factors concerned with 
multiplication rather than general interference 
with cell permeability or overall CO>-fixation 
reactions. Experiments herein reported show 
that depleted HeLa and conjunctival cells 
can resume growth in absence of CO. when 
provided with normal cell extracts. Extracts 
of depleted cells were ineffective. 


Methods. Stocks of HeLa and conjunctival 
cells derived from human carcinoma and hu- 
man conjunctiva, respectively,t were main- 
tained in Eagle’s medium containing 10% 
horse serum inactivated by heating at 56°C 
for % hour. Preparation of roller tube cul- 
tures, determination of cell count, and method 
of making tubes CO>-deficient have been de- 
scribed(1,2). With COz-deficient cells, the 
sole buffer was 1 mM phosphate buffer which 
sufficed for adequate pH control. Bicarbo- 
nate buffer was present in control tubes. Nor- 
mal cell extract? was prepared as follows: 
stock bottles of cells were grown in normal 


* Supported in part by grants from Am. Cancer 
Soc., and Fund for Research and Teaching, Dept. of 
Nutrition, Harvard School of Public Health. 

+ Authors are indebted to Dr. R. S. Chang of Dept. 
of Microbiology for providing clone cell stocks of 
both these strains, and also to Dr. Edward Murray, 
for checking cells for freedom from contamination by 
pleuropneumonia-like organisms. 

+ The term “extract” denotes the product which 
results from disintegration of cells by the method 
described and from which particulate material has 
not been removed. 


manner and when a total of approximately 
3-4 x 10° cells were present, the medium was 
removed as completely as possible and the fol- 
lowing procedure was employed: 10 ml of 
Eagle’s medium (containing no serum, MgCl» 
or CaClo), was added and the cells in- 
cubated overnight.) Any cell debris remain- 
ing on glass was scraped off, and contents of 
bottle transferred to sterile ampule, sealed, 
and stored at —70°C until used. Prior to be- 
ing added to roller tubes, the extract was re- 
constituted by addition of dialyzed horse se- 
rum, CaCls, and MgCl. Such media were 
agitated at 35°C in the presence of a KOH 
ampule(1) for 4 to 5 hours to remove traces 
of COs, then transferred to appropriate roller 
tube cell cultures with a minimum of exposure 
to air. When used with HCO;--deficient cells, 
the KOH-containing ampule was always pres- 
ent in the tube. Ampules in these and other 
CO>-deficient tubes were changed frequently 
to assure adequate COs-absorption. In some 
instances, extracts were prepared from stock 
cells which were COz-deficient for 48 hours. 
Media were changed every other day and all 
incubations were done at 35°C. All media 
employed were kept in containers provided 
with KOH ampulés to minimize CO. con- 
tamination in so faf.as possible. Routine as- 
say experiments were done as follows: freshly 
prepared roller tube cultures were allowed to 
incubate 3 days, then were made COo-defi- 
cient for 48 hours. Test material was intro- 
duced and incubation continued for 7 days, 
at which time cell counts were done. Appro- 


§ In absence of Mg** and Ca**, these cells rapidly 
disintegrate(3). This procedure was adopted because 
manipulation of sterile materials was minimized while 
still insuring destruction of the cells. On occasion, 
other methods were used, such as scraping cells into 
water or medium, followed by lyophylization, and 
subsequent reconstitution prior to use. These extracts 
were as active as those made by procedure outlined 
in text. Furthermore, lyophylization of the usual ex- 
tract did not impair its effectiveness. 
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TABLE I. Effect of Cell Extract on Multiplea- 
tion of Normal and CO.-Deficient Human Cells In 


Vitro. 
Extract No. cells/tube 
Exp. No. Test cells* addedt Ose 
Conjunetival cells . 
1 Normal | None 369 (292-486) 
Deficient if 199 (160-231) 
* Normal 647 (596-700) 
2 Normal None 394 (360-422) 
. Normal 395 (386-400) 
Deficient None 172 (156-186) 
s Normal 297 (236-362) 
3 Normal None 284 (232-328) 
Deficient a 77 ( 50- 98) 
a Normal 183 (170-196) 
” Deficient 32 ( 22- 42) 
HeLa cells 
4 Normal None 291 (192-382) 
2 Normal 301 (280-314) 
Deficient None 76 ( 62- 82) 
4 Normal 314 (220-410) 
5 Normal None 264 (210-292) 
Deficient ‘: 26 ( 20- 36) 
2 Normal 201 (178-242) 
6 Normal None 144 (124-162) 
Deficient ss 25 ( 20- 34) 
Be Normal 48 ( 42- 58) 
of Normal None 228 (200-270) 
Deficient a 81 ( 56-128) 
ae Normal 174 (158-200) 
3 Deficient 29 ( 21- 40) 
8 Normal None 695 (640-768) 
Deficient is 69 ( 60- 78) 
co Normal 301 (260-378) 
e Deficient 20 ( 4 48) 
9 Normal None 178 (161-194) 
4 Normal 191 (172-211) 
Deficient + None 45 ( 44- 47) 
“ Normal 245 (198-288) 


* In Exp. 1 and 2, cells were allowed to grow for 
9 and 18 days, respectively, prior to removal of 
CO;. Subsequent treatment was as given in the 
text. i | 
+ Conjunctival cell extracts were used in Exp. 
1-3, and Hela cell extracts in Exp. 4-9. Amount 
of extract was that derived from approximately 
3 X 10° cells. 

{ Expressed as avg and range. 


priate sets of control tubes were included. The 
procedure adopted penalized the deficient cells 
grown with extract because their growth would 
have been arrested during the 48 hours of de- 
pletion, whereas that of non-deficient cells was 
not. In experiments where this discrepancy 
was taken into account, the extract-treated 
deficient cells always showed at least normal 
multiplication. However, from the standpoint 
of the immediate problem, the important point 


COs-DEFICIENT HUMAN CELLS 


was whether or not multiplication occurred. 
Where radioactive acetate was employed, the 
procedures have been previously described 
(4). Additional pertinent data are given in 
footnotes of the appropriate Table. 


Results. Both human HeLa and conjunc- 
tiva cells multiplied in the absence of COs 
when normal cell extracts were present (Table 
I). No stimulation of multiplication of non- 
deficient cells was caused by such extracts. 
From Fig. 1 it is apparent that the amount of 
extract employed in the usual assay was well 
within the optimum range. Material in ap- 
proximately 4 to 5 normal cells was sufficient 
to cause one deficient cell to resume multipli- 
cation. Extracts from COs-deficient cells not 
only failed to stimulate multiplication of de- 


ficient cells (Fig. 1), but actually caused re- | 


duction in cell count. This suggests that the 
deficiency may have been made more severe 
by such extracts. 


Since depleted cells respond to added COs 
(1), care was exercised to eliminate this as a 
possible contaminant. Use of KOH ampules 
is highly effective in this regard(1). As deter- 
mined by use of NaHC'Onz, less than 0.02% 
of normal CO. and HCO; is found in the 
presence of the ampule. Contamination of 
cell extracts by viable cells is unlikely because 
extract added to control tubes caused no in- 
crease in cell count (Table I), nor have cells 


2x10 


Cells 
per 
Tube 


o—© Conjunctival 


O 0.2 0.4 0.6 0.8 1.0 
Relative HeLa Cell Extract Concentration 


IG. 1. Effect of concentration of normal .~HeLa 
cell extract on the multiplication of CO.-deficient 
cells. A cell extract cone. of 1 is equivalent. to 
material contained in approximately 3 X< 10° cells 
made up to a final vol of 1 ml with Hagle’s medium. 
Each point represents avg of 4 results. 


‘ 
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TABLE II. Conversion of Acetate-1-C™ to C'O, by Normal and CO,-Deficient HeLa Cells.* 
a a an ees Seen eae OGLE Stel A Daler 


Kind of cells Cell count * 10° 


Normal 


177 (161-194) 
CO,-deficient 


45 ( 43- 49) 


Relative conversion 


Total conversion to C“O, to C“O, 
(e,pim. 4 10%) (e,.p.m./10* cells) 
27 (26-380) 152 
12 ( 9-13) 266 


* These results pertain to cells which were 8 days old from time of inoculation. CO,-deficient 
cells were without CO, for last 5 days of this period. On the seventh day, all tubes received ace- 
tate-1-C™ to furnish 1.38 X 10° counts/min. (specifie activity — 15 millicuries/millimole acid), 
Values are mean of 4 tubes; numbers in parentheses give range. 


ever grown out of the reconstituted extracts 
even after 3 weeks’ incubation. 

Discussion. Of considerable interest is the 
fact that whereas within 24 hours after re- 
moval of COs, net multiplication has ceased 
(1), metabolism of acetate-1-C!* to COs is 
approximately normal even at the end of 5 
days (Table II). Earlier(1), glucose-1-C'* 
conversion to C'QO. by such cells was found 
to be two-thirds normal after 2 days’ deple- 
tion. Therefore, inhibition of net multiplica- 
tion is one of the first effects of CO.-depletion 
and is not accompanied necessarily by gen- 
erally deranged metabolism. This is not to 
say that other reactions involving incorpora- 
tion of COs are necessarily normal or ade- 
quate in the depleted cells. Interference with 
nucleic acid synthesis would afford ample 
cause for inhibition of multiplication. Such a 
possibility is now under investigation. The 
importance of COs in living cells has been 
pointed out by Loomis(5) and Werkman(6). 
The former has laid special stress on pCO» 
as a major regulatory agent in the control of 
biological function. He suggests CO» is the 
agent involved in such studies as those of 
Clowes(7) and Cook and Elvidge(8) on sperm 
stimulation and those of Puck(9) on a diffus- 
able factor in tissue culture The manner in 
which CO. would function in such cases is not 
discussed. From the present results, it is ap- 
parent that CO» can be replaced by cellular 
material synthesized by normal cells with an 
adequate CO» supply. It is also possible that 
similar results would be found in other cases 
where CO. has been shown to be essential. 
Elucidation of the active agent(s) should af- 
ford further insight into control of cell multi- 
plication. The earlier finding of Harris(10) 


that CO, was essential for the outgrowth of 
chick heart fibroblasts suggests that the phe- 
nomena observed here are not restricted only 
to cells which have been maintained in con- 
tinuous culture for long periods. 


Summary. Human cells of HeLa and con- 
junctival (Chang) strains fail to multiply in 
absence of COs, but net multiplication can be 
restored by addition of normal cell extract. 
Such extracts have no effect on multiplication 
of normal cells. On the other hand, extracts 
of COs-deficient cells have an adverse effect 
on deficient cells. Although net multiplica- 
tion was completely arrested in the absence 
of COs, conversion of acetate-1-C!4 to C4O. 
was at least normal, indicating general cell 
metabolism was still high. Implications of 
the results to regulation of cell multiplication 
are discussed. 
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Immunologic Tolerance in Rats to Type Specific Antigens of Human 


Erythrocytes.*t 


(24433) 


Paur Cataprestt AND Eart A. Epwarps (Introduced by Robert F. Schilling) 
Dept. of Medicine and State Laboratory of Hygiene, University of Wisconsin, Madison. 


Reduced ability of an animal, exposed early 
in life to a specific foreign antigen, to react 
immunologically to the same antigen in later 
life is known as “actively acquired toler- 
ance’’(1). Most studies using erythrocytes as 
antigen have involved identical or closely re- 
lated species(2,3). The possibility of produc- 
ing tolerance to antigens of erythrocytes of 
distant species has been investigated by in- 
jecting red cells from rabbits into chicks(4), 
sheep into rats(5) and humans into birds(6), 
all with negative results. However, other in- 
vestigators have reported depression or delay 
of antibody formation by injecting human 
erythrocytes into rats, rabbits and chicks(7, 
8). The feasibility of inducing tolerance to 
human blood antigens is relevant to bone 
marrow transplantation studies and condi- 
tions involving blood group incompatibility. 
It was the purpose of this investigation to 
determine whether human erythrocytes could 
confer type specific immunologic tolerance 
when injected into prenatal or neonatal rats. 

Material and methods. Twenty litters of 
rats of the Sprague-Dawley strain were used. 
Seven of 8 litters injected pre-natally at lapa- 
rotomy were lost at birth and one additional 
litter injected at birth died in immediate post- 
natal period. Preliminary studies on erythro- 
cytes from 50 adult rats of this strain re- 
vealed, in all instances, strong agglutination 
of these cells by commercial human anti-B 
serum and no agglutination with Anti-A, or 
anti-D (Rh,) serum. Human erythrocytes of 
types A, Rh-pos. (A+), A, Rh-neg. (A-) or 
O, Rh-neg. (O—), stored in Alsever’s solution, 
were washed in saline and used as antigen. 
To induce tolerance, one intraperitoneal in- 
jection of 0.2-0.4 cc of a 50% erythrocyte 
suspension was given during the peri-natal 


* Supported by grant from Leukemia Society, 
N. Y. City to Robert F. Schilling. 

t Field Investigator, Nat. Cancer Inst. Present ad- 
dress: Harvard Medical Services, Boston City Hos- 
pital, Boston, Mass. 


period. Later, immunization injections con- 
sisting of 0.5 cc of a 50% A+ erythrocyte 
suspension were administered subcutaneously. 
Five litters totaling 38 rats (Table II) re- 
ceived a single immunizing injection, another 
5 litters totaling 44 rats (Table I) received 7 
injections on alternate days over a period of 
2 weeks. Two-fold dilutions of inactivated 
serum (56°C for 30 minutes) were prepared 
in 0.1 ml amounts. To this an equal amount 
of a 2% suspension of washed A-++ erythro- 
cytes in .15M saline was added. The tubes 
remained at room temperature (24 + 4° C) 
for 20 minutes and centrifuged at 200 G for 
one minute. A reading of 1+ agglutination 
was considered the end point. Agglutinin 
titers of rat sera with human A+ cells are ex- 
pressed as log, of the reciprocal of the final 
dilutions. A difference of 2 or more titer 
units (equivalent to a four-fold dilution) was 
considered meaningful. Wherever possible 
erythrocytes from the same individual were 
used for injections and titrations. Tests for 
“incomplete antibodies” were carried out in 
the usual manner employing both 22% bovine 
albumin as protein diluent and chicken anti- 
rat globulin serum. Absorption experiments 
were performed at room temperature (24 + 
4°C) by adding 2 successive volumes of 0.2 
ml of packed O— human erythrocytes, washed 
in .15 M saline, to 0.4 ml of test serum. All 
the rats were weighed at weekly intervals. No 
difference was observed between those receiv- 
ing and those not receiving the “tolerance” in- 
jection. 

Results. Table I and Fig. 1 show the find- 
ings for the group of animals receiving multi- 
ple immunization injections over a 2-week 
period. Animals which had received a “tol- 
erance” injection of A-+- erythrocytes during 
the peri-natal period and challenged as late 
as 83 days after birth showed appreciably 
lower titers than the animals which had not 
received a “tolerance” injection. Injection at 
birth of O- erythrocytes (litter T-6) appar- 
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TABLE I, Animals Receiving Immunizing Injections on Alternate Days over a Period of 2 Weeks. 


ee—————ooooOaooooooqqqQq@q@®0=®=@qqquo ee 


‘ e Avg unabsorbed titers against A-+ erythrocytes 
S . 3 e ? me E 2 +8 (reciprocal of dilutions expressed as log,)* 
Pa ss = $ 2S 8“. Immed. be- Wk after final immunizing inj. 
= = 25 Oeseg © 3 3° fore immu- 
= oS oo & QrE wey sip re 
Ss ate: Ps es8 de i nization 0 2 3 4 5 8 10 
T-7 4 3 days A+ 40 8 6.5 BiB Smee Oleen tee 
2 None 40 1.5 12.0 12.0 12.0 13.5 
2 3 days A+ 100 3.0 9.5 9.0 
2 None 100 2.5 11.5 12.5 
4 7 3 days be- A+ 83 1.0 7.3 9.4 8.6 
fore birth 
6 7 At birth O- 68 6 10.7 11.0 10.3 
8 8 4 days A+ 65 1.5 Cali Be s3 oo 
3 None 65 .0 ideas alaleye ane) 
5 At birth A+ 30 8 72 9.6 9.6 
4 None 30 9) 10.5 11.3 11.5 


* The difference of 2 or more titer units (a 4-fold dilution) was considered meaningful. 


ently had little or no effect on later immuni- 
zation with A+ cells. An apparent loss of 
tolerance with time is illustrated by compar- 
ing the response of the animals immunized at 
40 days with their litter-mates immunized at 
100 days (litter T-7). 

Table II and Fig. 2 demonstrate a similar 
inhibition of agglutinin response for the toler- 
ant animals which received a single immuniz- 
ing injection. Again injection of O- cells at 
birth conferred no immediate protection to 
later immunization but the response obtained 
was less sustained than in the controls. The 
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FIG. 1. Avg unabsorbed titers (reciprocal of dilu- 
tion expressed as log.) against A+ erythrocytes 
for rats receiving immunizing inj. on alternate 
days over a period of 2 wk. Interrupted lines rep- 
resent values for rats which received ‘‘tolerance’’ 
inj. of A+ cells in early life. Rats in T-6 received 
O- erythrocytes at birth. Controls were given no 
inj. in perinatal period. (See Table I for details.) 
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FIG. 2. Titers expressed as in Fig. 1. All rats re- 
ceived one immunization inj. at arrow. Experimen- 
tal animals were inj. in neonatal period with A+ 
erythrocytes; controls did not receive this inj. In- 
terrupted lines signify avg unabsorbed titers; solid 
lines represent titers obtained with same sera after 
absorption with O— human erythrocytes. 


results observed in litters T-14 and T-17 
(Table II) seem to indicate that absence of 
the D (Rh,) antigen in the initial injection 
reduced degree of tolerance obtained. 

It should be emphasized that ability to in- 
duce tolerance in rats to human erythrocytes 
is by no means a uniform phenomenon. 
Marked differences were observed among indi- 
vidual litter-mates and between litters. This 
has been reported in a similar system(7) and 
was observed also for mouse skin homografts 
Ly: 

In 2 other litters (T-10 and T-20) the ini- 
tial ‘‘tolerance” injection of A+ erythrocytes 
was delayed until 2 weeks after birth. All 10 
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TABLE II. Animals Receiving Single Immunizing Injection. 


Avg unabsorbed titers against A-+ 
erythrocytes (reciprocal of dilutions 
expressed as log.) * 


Age at im- = : ae a 
RBC’sinj. munization Immed. be- Wk after immunizing inj. 
Litter No. of Age at tol- at toler- with A+ fore im- : 
No. animals erance inj. anceinj. RBC’s(days) munization 1 2 3 4 6 
T-11 3 At birth A+ 30 0 3.7 4.0 3.3 3.3 
4 None 30 0 9:0 958-100 12.3 
14 4 1 day Ant 80 0 4.3 8.0 
3 ee A- 80 0 7.0 8.2 
lyf 6 At birth A-+ 73 6.2 5.8 
6 A A- 73 ied, Gen 
16 7 es O- 67 4 10.0 8.4 
19 3 1 day A+ 56 3.0 8.3 7.0 
2 None 56 9) 9.0 10.0 


* The difference of 2 or more titer units (a 4-fold dilution) was considered meaningful. 


injected animals showed an immune response. 


To investigate the possibility that the ap- 
parent depression of immune response may 
have been due to formation of antibodies 
other than saline agglutinins(7), tests for 
“incomplete antibody” were performed. No 
evidence for the presence of ‘“‘incomplete anti- 
bodies” was obtained. 


Absorption with fresh human O- erythro- 
cytes reduced the antibody titer against A+ 
cells in the non-tolerant animals. In similarly 
absorbed sera from tolerant rats, agglutinins 
against A-++ cells were either markedly re- 
duced or not demonstrable (Fig. 2). Thus, 
it appears that another antigen or group of 
antigens probably related to species differ- 
ences, was responsible for most of the anti- 
body observed in the tolerant animals. Very 
early embryonic injections may be required 
to produce complete tolerance to these species- 
specific factors. It is not unlikely that some 
of the inconsistencies reported in experiments 
dealing with wide species differences may be 
explained on this basis, although other vari- 
ables such as dose or route of injection, age 
of animals at tolerance or immunization injec- 
tions, and at time of bleeding for serum, un- 
doubtedly play an important role. 


Summary and conclusions. Intraperitoneal 
injection of human erythrocytes in pre-natal 


or neo-natal rats reduces antibody response to 
subsequent immunizations. No ill-effects were 
observed in any of the experimental animals 
surviving the initial injection and there was 
no difference in growth rate from the unin- 
jected controls. These studies suggest that 
it is possible to confer type specific tolerance 
to subsequent immunization of A and D 
(Rh,) antigens of human erythrocytes. 


The authors are grateful for the helpful suggestions 
offered by Prof. Ray D. Owen in reviewing our data, 
and by Dr. William H. Stone in reviewing the manu- 
script. We also wish to thank Mrs. Delle Flakas for 
her technical assistance. 
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Autoradiographic Studies of Sulfated Mucopolysaccharide Metabolism in 


Cartilage of Osteolathyric Rats and Chicks.* 
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Experimental osteolathyrism is produced by 
feeding animals seeds of Lathyrus odoratus (1, 
2) or injecting them with the toxic factor B- 
aminopropionitrile(3). One of the character- 
istic features of this syndrome is hypertrophy 
of cartilage(1,2) accompanied by disorganiza- 
tion of the cellular architecture(2,3,4) forma- 
tion of clefts(4), slipping of articular surfaces 
(2,3,4,5) and detachment of tendinous and 
ligamentous insertions(2). These conditions 
have been theoretically ascribed to ‘defective 
formation or excessive destruction of chon- 
droitin sulfate of ground substance”(2). Sul- 
fur*® recovered chemically from skeleton, has 
been increased after 7 days(6) in animals 
when P*? of bone was also increased. At the 
same time, weight of femurs was increased 
while general body weight was smaller than 
that of controls(6). Autoradiographic studies 
made 20 hr after injection of tracer sulfate 
have shown “deposition of S** in about equal 
amounts in experimental as well as in control 
animals’(7). On the other hand, histochemi- 
cal studies involving use of periodic acid- 
Schiff, alcian blue and toluidine blue have led 
Menzies and Mills to conclude that when 
sweet pea seed was fed to rats, it produced in 
the aorta and bone, “‘an accumulation of chon- 
droitin sulfate with the general breakdown of 
supporting structures such as collagen fibers” 
(8). Our experiments have been carried out 
on 2 groups of 6 weanling Sprague-Dawley 
rats fed a 50-50 mixture of complete diet and 
Lathyrus odoratus seed ground thin, for 10 
and 16 days with the same number of con- 
trols fed the complete diet; also 6 one-day-old 
chicks which ate a 50-50 mixture of Purina 
Growing Mash and ground Lathyrus seed and 
were kept for 7 days at 35°C along with 6 
controls on Growing Mash exclusively. Some 
rats after 16 days of lathyrus feeding and most 


* With technical collaboration of Cécile Bélanger, 
Céline Lemay and Andrée Boucher. Aided by grants 
from Nat. Research Council of Canada (Med. Divi- 
sion and Comm. on Dental Research). 


chicks after 7 days showed symptoms of se- 
vere intoxication(5). 

Methods. All rats and 3 chicks in each 
group were injected with 1 pc/g S*°O,y sub- 
cutaneously, 2 hr prior to decapitation. The 
tibiae were demineralized with 5% nitric acid 
in 70% ethanol for 7 days, then dehydrated 
and embedded in paraffin. Sections of tibiae 
of chicks, which had not been injected with 
radiosulfate, were placed for 1 hr in a weak 
solution of Ca*Cl,(9), then thoroughly 
washed, dehydrated and prepared for auto- 
radiography by the coating-inversion technic ~ 
(10,11) along with similar sections from ani- 
mals injected with S*°. 

Results. In control rats (Fig. 1), the ra- 
diosulfate appeared incorporated by small and 
large cells except in calcifying cartilage next 
to the site of bone formation (Fig. 1). Carti- 
lage cells were neatly arranged in columns 
parallel to the bone axis. A small amount of 
ground substance was visible between the col- 
umns of cells. The autoradiographic image 
was almost exclusively related to the chondro- 
cytes, 2 hours after subcutaneous injection of 
tracer (Fig. 1). 

The epiphyseal plate of the tibia in lathyric 
rats of 10 days, (Fig. 2) was already thicker 
than that of controls (Fig. 1). The lower 
border appeared jagged and columns of chon- 
drocytes were irregularly arranged and dis- 
persed in a more abundant matrix (Fig. 2). 
A comparable amount of radiosulfate seemed 
to have been retained by individual chondro- 
cytes (Fig. 2). The radioactive material ap- 
peared also almost exclusively intracellular at 
2 hrs. It seemed, however, that the increase 
in thickness of the plate was due to a larger 
amount of ground substance and also to an 
increase in number of cells capable of synthe- 
tizing radiosulfur (Fig. 2). The thickness of 
cartilage where no synthesis took place 
showed less change (Fig. 2). 

In rats which had been on the lathyric diet 
for 16 days, the epiphyseal plate was thicker 


FIG. 1. Integrated, stained autoradiograph of 
epiphyseal plate of a normal young rat 2 hr after 
subeut. inj. of radiosulfate, x 26, 

FIG. 2. Integrated, stained autoradiograph of 
epiphyseal plate of a young rat on lathyrogenic 
diet for 10 days and 2 hr after radiosulfate, x 26. 

FIG. 3. Integrated, unstained autoradiograph 
of tibia of 7-day-old chick, 2 hr after radiosulfate, 
xX 1.25. 

FIG. 4. Integrated, unstained autoradiograph 
of tibia of 7-day-old chick on lathyrogeniec diet, 2 
hr after radiosulfate, 1.25. 

FIG. 5. Integrated, unstained autoradiograph 
of tibia of 7-day-old chick, 1 hr in vitro treatment 
with Ca*®, x 1.25. 

FIG, 6. Integrated, unstained autoradiograph 
of tibia of 7-day-old chick on lathyrogenie diet, 1 
hr in vitro treatment with Ca*®, x 1.25. 


but there was also a proportional increase in 
amount of ground substance and of cells capa- 
ble of picking up S*° in vivo. These results 
agree with the observations of Ponseti e¢ al. 
(7) and possibly also with conclusions of 
Bauer et al.(6) in regard to overall sulfur con- 
tent of the epiphyseal plate since the total 
number of cells capable of synthetizing sul- 
fate is increased. 

Furthermore, localized areas of sulfur up- 
take in connection with activated callus-like 
growth at the periosteum were also observed 
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in our lathyric rat autoradiographs. These 
observations reinforce the opinion of Bauer 
et al.(6) in regard to overall sulfur content 
in the bone. 

Hypertrophic changes observed in the rat 
were not apparent in the chick after 7 days 
(Figs. 3, 4, 5,6). In birds, radioactive sulfur 
was found in similar locations in both controls 
(Fig. 3) and lathyric animals (Fig. 4). Auto- 
radiographs have shown this material depos- 
ited mainly in a layer of small cells near the 
junction of articular and growing portions of 
cartilage and in a second layer of large cells 
preceding the mineralized portion (Figs. 3, 
4). There seemed to be larger uptake at the 
faster growng extremity (Figs. 3,4) and also 
an equal or larger uptake by cartilage of 
lathyric chicks (Fig. 4) as compared to that 
of normal birds (Fig. 3). 


These observations on radioactive sulfur up- 
take in the live animal are not informative in 
regard to residual content of the matrix which 
results from synthetic activity of the chondro- 
cytes(12) but is also dependent on rate of 
turnover or utilization. Jn vitro uptake of 
Ca*® by demineralized sections of tissue has 
given results in previous problems(9,13,14) of 
skeletal physio-pathology. It is based on the 
demonstrated ability of chondroitin sulfate 
to act as a cation binder(15). With the pres- 
ent material, the upper extremity of the tibia 
in normal chicks (Fig. 5) showed a larger 
amount of Ca* uptake in the growing zone of 
cartilage as compared to the articular portion. 
The lower extremity of bone seemed to con- 
tain slightly more than the upper extremity; 
the tibiae of lathyric chicks contained consid- 
erably less material capable of binding Ca*® 
in vitro (Fig. 6) and by opposition, the lower 
extremity contained a much larger amount 
(Fig. 6). It is noteworthy that in animals 
which have shown cleavage and slipping of the 
epiphysis(5), the upper extremity of the tibia 
was always involved while the lower ex- 
tremity remained intact. 

These facts are interpreted as showing a 
difference in metabolism and growth activity 
of the 2 extremities of the tibia. Even if 
lathyric animals have a normal or slightly ex- 
aggerated uptake of sulfate probably incor- 
porated as chondroitin sulfate(16,17), the 
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turnover or loss of that substance must be 
greater at the upper extremity of bone so that 
the residual content is less than that of con- 
trols after 7 days. On the other hand, the 
lower extremity, with a much slower growth 
potential, seems to have accumulated more 
cation binder than that of the normal chick. 

In previous studies, the hypertrophic epi- 
physeal plate of rickets(9,14) and fluorosis 
(13) has shown an accumulation of cation 
binder, while with impaired synthesis, the epi- 
physeal plate of magnesium deficient rats has 
shown a lower residual content(18). 

Summary. In lathyric rats and chicks, the 
in vivo sulfate fixation per individual cell was 
equal or slightly higher than that of normal 
animals. Since there were more active cells 
in the hypertrophic plate of the lathyric rat, 
the overall sulfur upake by cartilage was ap- 
parently greater. In 7 day lathyric chicks, 
the plate was not hypertrophied but the sul- 
fate uptake seemed slightly greater. Jn vitro 
Ca** uptake by demineralized cartilage of the 
upper extremity of the tibia was considerably 
less than that of the lower extremity and also 
less than that of controls, indicating a more 
rapid utilization or turnover.t 


t Proc. Soc. Exp. Biov. anp Men. (v98, 318) con- 
tains a report by Castellani and Castellani-Bisi show- 
ing that in a mixture of epiphyseal plates from 
osteolathyric rats, hexosamine was significantly de- 
creased (36%) while hydroxyproline remained prac- 
tically unchanged. 
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Although our knowledge of blood groups, 
incompatibility, and hemolytic disease has 


* This study was carried out at Roscoe B. Jackson 
Memorial Lab., Bar Harbor, Me., and supported by 
grants from Nat. Inst. of Neurol. Dis. and Blindness, 
Bethesda, Md. 


increased considerably in recent years, the 
fact that only about 5% of Rh-negative 
women become immunized during pregnancies 
in which the necessary preconditions for Rh 
incompatibility exist has not been fully ex- 
plained(1). Mitchison, Brambell(1) and 
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Owen(2) have suggested that the probability 
of isoimmunization may be dependent on a 
form of immunological tolerance which is pre- 
dicted by the “self marker” theory of Burnet 
and Fenner(3). On this basis the Rh-nega- 
tive daughter of an Rh-positive mother should 
be unable to produce Rh antibody if she is 
carrying an Rh-positive child. Booth et al. 
(4) could not corroborate this explanation by 
their data. However, Owen(2) has suggested 
that the explanation on the basis of ‘“‘toler- 
ance” is still useful, since the effect is repre- 
sented by a difference in amount or kind of 
antibody produced even if an absolute form 
of tolerance does not exist. Since Billingham 
et al.(5) demonstrated actively acquired tol- 
erance to skin grafts in mice and chicks, many 
attempts have been made to induce tolerance- 
like phenomena with all types of antigens in 
mice, chicks, rabbits, and rats(6,7,8,9). It 
has been implied in some of these studies that 
true acquired tolerance is most effective in 
cases where there is a close relationship be- 
tween the origin of antigenic material and the 
recipient animal. A number of investigators 
have reported that injection of large amounts 
of defined soluble antigens into newborn rab- 
bits leads to persistent specific inhibition of 
antibody production(10,11,12,13,14). In the 
present study we tried to influence the amount 
of isoantibody produced in adult rabbits by 
introducing incompatible blood into the new- 
born rabbit. This represents the first sys- 
tematic testing of the hypothesis of Mitchison, 
Brambell, and Owen that inhibition of anti- 
body production may result from exposure of 
the fetus or newborn to incompatible homolo- 
gous blood. 


Materials and methods. 
mixed genetic stocks produced at Jackson 
Laboratory and were selected as donors and 
mates solely on the basis of blood type. Im- 
mune testing sera were prepared by isoim- 
munization(15), and all animals were blood 
typed for the 8 specific erythrocytic antigens 
which are controlled by 5 genetic loci(16). 
We were particularly concerned with the an- 
tigens belonging to the one genetic system for 
which we have accumulated data on the prob- 
ability of isoantibody production. This blood 
group system has 3 alleles, each of which gives 


Rabbits were of, 


rise to a detectable antigen (A, D, or F). We 
were able, therefore, to determine the com- 
plete genotype of each animal used. Matings 
were made so that all offspring in a particular 
litter lacked the donor antigen (type A red 
cells). Injection schedules: Newborn animals 
were divided into 2 groups; one was injected 
intraperitoneally 15 times, starting at birth, 
with 0.5 ml of incompatible citrated blood, 
and the other (controls) received no early 
postnatal injections. After the first 15 injec- 
tions, treated animals were separated into 3 
subgroups. One subgroup received 2 intra- 
peritoneal injections/week of incompatible 
blood until the age of 4 months. Another sub- 
group received one injection/week of incom- 
patible blood until reaching approximately 
3% months age. A third subgroup received 
no injections following the first 15 injections. 
At age 4 to 5 months, all animals were sub- 
jected to our regular isoimmunization pro- 
gram, which consisted of injection of incom- 
patible red blood cells in a modified Freund’s 
adjuvant given intermuscularly on 2 occa- 
sions followed by a series of intravenous in- 
jections of glycerine-citrate-treated red cells. 
The animals were bled one week after the 5 
intravenous injections, which were given over 
a 2-week period. They were then subjected 
to another course of 6 intravenous injections 
over a 2-week period and were bled again one 
week after last injections. Antigens. The ini- 
tial 15 injections, as well as those given be- 
fore beginning our regular immunization pro- 
cedure, were of sterile rabbit blood in ACD 
solution; proportion of whole blood to ACD 
solution was 3:1. The antigen used for injec- 
tion in our standard immunization procedure 
consisted of washed red cells preserved at 
—4°C in a glycerine-citrate mixture(17). The 
cell suspension was thawed and injected with- 
out removing the glycerine. At no time did 
we see any unusual reaction to the injection of 
the glycerine-citrate red cell mixture. Titra- 
tions. ‘Trypsin-treated cells were used for 
titration against sera made up in serial doub- 
ling dilutions. The serum-cell mixtures were 
read for agglutination and strength of reac- 
tions was scaled according to a modification of 
scoring system suggested by Race and Sanger 
(1). The values given were 41+ = 10, 3+ 
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THE FLUENCE OF EARLY POST NATAL INJECTION OF INCOMPATIBLE BLOOD ON ISO- ANTIBODY PRODUCTION 
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FIG. 1. Influence of early postnatal inj. of incom- 
patible blood on isoantibody production. 


Sg PS ee ee ar and 
0 = 0. Tiration of each serum against a 
standard cell was represented by a score, and 
the scores of the sera from animals in differ- 
ent treatment groups were compared. 


Results. We were at first concerned with 
the effect of repeated injection of blood into 
very young rabbits on their general health 
and weight gain. Repeated introduction of 
blood brought no untoward effects; rather 
treatment appeared to improve the proba- 
bility of an animal’s surviving the critical 
postnatal period. It is not unusual in breed- 
ing of rabbits to suffer the largest loss of ani- 
mals shortly after birth. There was some 
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postnatal loss in control animals, but we had 
no loss in animals receiving the equivalent of 
repeated intraperitoneal transfusions, even 
though blood was isoantigenically foreign. All 
animals were bled at regular and frequent in- 
tervals from 2 months of age to just before 
start of our standard immunization procedure. 
In no case was there evidence of isoantibody 
production or of normally occurring isoanti- 
body. In our treated animals repeated injec- 
tions did not stimulate production of anti-A. 


After subjection to standard isoimmuniza- 
ion procedure all animals in the non-treated 
control groups produced uniformly good titres 
of anti-A; treated animals reacted in a differ- 
ent manner. The treatment groups and sched- 
ules are shown in Table I. Fig. 1 illustrates 
the results graphically, It can be seen that 
the amount of antibody produced is depen- 
dent upon postnatal treatment. Comparison 
of mean scores, when animals are divided into 
3 groups based upon treatments, clearly in- 
dicates that there is a marked difference. 
Mean scores of these groups are statistically 
highly significantly different from one an- 
other. 

Discussion. In the present study, a single- 
red-cell incompatibility system was used, and 
the only known variable was the type of post: 


TABLE I. Summary: Treatment to Induce Acquired Tolerance to Incompatible Rabbit Blood 
in Newborn Rabbits. 


Hemagglutination score 
after standard immuni- 
zation procedure as 


Treatment Initial, No. of inj. young adults 
group 15 inj. after first 15 1st course 2nd course 
a None None aya 78+ Control 
+ 23 1 | 
23 0 5 Inj. 2 times/wk after first 15 
- 23 2 5 | 
b None None 58 80+ Control 
99 99 53 78+ oF 
3 A : 3 1 time/wk after first 15 
+ None if 30 
¢ + None 14 40 
+ : 42 48 
oe i 28 31 
ao a 1 35 
aa a? 9 18 
None 73 100 Control 
%”? ? 43 70 ” 
d a i ff 5 
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natal treatment. Our results clearly indicate 
that early postnatal introduction of incom- 
patible blood is capable of markedly altering 
the antibody response. When only the initial 
15 injections were given, productivity was de- 
creased but there was still a substantial 
amount of antibody in all except one animal 
(3289). The continued stimulation, even 
with as little as 0.5 cc/week, was capable of 
depressing antibody production to a point 
where the amount produced was negligible. 
The mean scores of 2 and 6 represent mean 
titres of less than 1:2; in the rabbit these 
titres are not considered significant of isoanti- 
body production. 

The marked inhibition of isoantibody pro- 
duction does not fit into the typical patterns 
when compared with the phenomena of ac- 
quired tolerance and specific inhibition of 
antibody production. The antigens we have 
used are found only on the erythrocyte. Ex- 
tensive trials by us as well as others(18,19) 
have failed to disclose these antigens in other 
tissues such as liver or spleen or on sperm 
cells or leucocytes. The stimulus for inhibi- 
tion thus can be attributed only to the antigen 
of the red cell, and the amount of effective iso- 
antigen on this cell is thought to be relatively 
small. The inhibition which results from our 
treatment would therefore be difficult to ex- 
plain on the basis of prolonged retention of 
relatively large amounts of antigen. Since 
this antigen has not been found on the leu- 
cocytes, an explanation relying on implanta- 
tion and reproduction of living cells is not ac- 
ceptable. 

It is clear that no matter what mechanism 
is responsible for our results, we have been 
able to alter markedly the reaction of a rab- 
bit to isoantigen. Whether a similar phenome- 
non can occur by prenatal treatment of the 
fetus is now being investigated. 


Summary. Introduction of incompatible 


INHIBITION OF ISOIMMUNIZATION IN RABBITS 


whole blood into newborn rabbits is capable 
of altering response of these animals to a later 
encounter with the same isoantigen. An ini- 
tial 15 injections given from the day of birth 
decreased isoantibody production _ signifi- 
cantly, but not completely. Injections given 
in addition to the initial 15 effected complete 
inhibition of specific isoantibody production. 


The author gratefully acknowledges the technical 
assistance of Robert Schuster. 
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Concentrative uptake of 6-Diazo-5-Oxo-L-Norleucine by Sarcoma 180, 


Liver and Muscle in vivo.*t 
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The amino acid analogs O-diazo-acetyl-L- 
serine (azaserine) and 6-diazo-5-oxo-L-nor- 
leucine (DON) are of interest because of 
their effects in many biological systems and 
in particular because of their inhibitory ef- 
fects on tumors(1-7). Both azaserine and 
DON block de novo synthesis of purines by 
inhibiting an enzyme involved in conversion 
of a-N-formylglycinamide ribotide to a-N-for- 
mylglycinamidine ribotide(8-10). In short 
term experiments, incorporation of glycine 
into purines is markedly inhibited by azaser- 
ine but there is no inhibition of glycine incor- 
poration into proteins(8,11). Tumor cells 
and normal cells compete for essential nutri- 
ents in the extracellular space. The cell type 
which can attain the highest intracellular- 
extracellular concentration gradients of an es- 
sential metabolite may be considered to have 
a competitive advantage. Christensen and his 
coworkers have evidence that rapidly growing 
tissues, foetal, regenerating, and neoplastic, 
concentrate amino acids to a greater extent 
than do many adult, non-regenerating tissues 
(12-14). We have shown(15) that azaserine 
and DON are concentrated intracellularly in 
Ehrlich ascites cells by the amino acid trans- 
port system. It was suggested that perhaps a 
relatively greater concentration of these com- 
pounds intracellularly in tumors, contributes 
to tumor inhibition obtained in chemothera- 
peutic tests. The present study was therefore 
undertaken to measure intracellular-extracel- 
lular concentration gradients of DON in liver, 
skeletal muscle and sarcoma 180 (S180) in 
vivo. 


Materials and methods. The S180, ob- 


* This work was supported by grants from the 
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G. @y Stock, Dr. A: RivL: Denues and Dr: C. P. 
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tained from Dr. D. A. Clarke of Sloan-Ketter- 
ing Institute, and carried subcutaneously in 
adult Swiss albino ICR mice obtained from 
Millerton Farms, Millerton, N. Y. Tumor- 
bearing mice were used for experiments 6-8 
days after subcutaneous implantation of 
S-180. To determine concentration of DON 
in the intracellular and extracellular water it 
was necessary to measure DON and water 
content of a sample of plasma, and total 
DON, total water, and the fraction of total 
water in the extracellular space of a sample 
of each of the tissues. The procedures used 
follow: Mice were first subjected to a bi- 
lateral nephrectomy using ether anesthesia 
and the dorsal approach to the kidneys, to 
prevent any loss of large amounts of DON 
injected. After the mice had recovered from 
the anesthesia, DON was injected intraven- 
ously via the tail vein. The diluent con- 
tained sodium chloride and sodium bicarbon- 
ate in the molar proportions 5:1 and was di- 
luted to make the final solution approximately 
isotonic. Heparin was added to a level of 200 
units/ml diluent. The animals were sacrificed 
by decapitation and blood collected in a 
chilled centrifuge tube. The mice were then 
chilled in ice water, blotted dry and dissected. 
Samples of skeletal muscle always consisted of 
the gastrocnemius and muscles of back of 
thigh, all freed of any obvious fat, nerve and 
tendon. Care was taken to dissect the S 180 
samples free of necrotic tissue. The fraction 
of tissue water in the extracellular space was 
assumed to be closely approximated by the 
sucrose space. Tissue sucrose spaces were de- 
termined on a group of animals bearing 8-day- 
old S 180. These were handled the same way 
as those in the DON experiments except that 
they were not nephrectomized and received 
0.5 ml of 0.3 M sucrose containing 1000 units 
heparin/ml, intravenously. Sucrose was ex- 
tracted by homogenizing the tissue samples 
with one ml of 0.5 N NaOH and 8-10 ml of 
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FIG. 1. Concentrative uptake of DON by S 180 
in vivo. Ci = intracellular concentration; Ce = 
extracellular concentration. 

FIG. 2. Concentrative uptake of DON by mouse 
liver in vivo. 

FIG. 3. Concentrative uptake of DON by sleces 
of S 180 suspended in Krebs-Ringer bicarbonate. 
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water, adding one ml 10% Zn SO,*7H,O, 
homogenizing and centrifuging. The precipi- 
tate was washed once with 10 ml distilled 
water. The supernatants were combined and 
diluted to 25 ml. Sucrose was determined by 
the method of Roe e¢ al.(16). Average values 
for the fraction of tissue water in the extra- 
cellular space were, liver—0.16, skeletal mus- 
cle—0.14, S 180—0.36. These of course hold 
only for tissues partly drained of blood by 
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the sampling procedure used. The DON was 
determined spectrophotometrically on 75% 
ethanol-barium acetate extracts of tissue ho- 
mogenates or plasma by method previously 
described(15). Intracellular concentrations 
were calculated as though the DON were 
equally distributed throughout the intracellu- 
lar water, from the formula, 

C A—mh We Ce 
‘mh (1—We) 
wherein, A is total DON in the tissue sample, 
m is wet weight of tissue sample, h is water 
content of the sample in g H,O/g wet wt., We 
is sucrose space for the tissue and Ce extra- 
cellular concentration of DON in mM/kilo 
of water. Extracellular concentration of DON 
was assumed equal to concentration in plasma 
water. 

Results. Fig. 1 and 2 show the time course 
of DON uptake in S180 and liver respec- 
tively. Although there was considerable vari- 
ation from animal to animal, intracellular 
concentrations in S180 were consistently 
higher than in the liver of the same animal 
once the plateau of the uptake curves was 
reached. Muscle gave no evidence of concen- 
trative uptake, intracellular concentrations 
being 0.5-1.5 times extracellular. 

One experiment was made with S 180 slices 
incubated in Krebs-Ringer-bicarbonate con- 
taining DON, to see if higher intracellular 
concentrations could be obtained, since it 
would be expected that competition from nor- 
mal free amino acids would give somewhat 
lower values for DON concentration intra- 
cellularly in vivo. To check this an extra- 
cellular concentration close to that obtained 
in the experiment shown in Figs. 1 and 2, was 
chosen. The time course of DON uptake is 
shown in Fig. 3. Intracellular concentration 
attained in vitro was 1.5 times as high as in 
vivo. As expected, the time to reach the 
steady state in the S 180 slices is much longer 
than in vivo. This is no doubt due to the 
much slower diffusion into the extracellular 
space in slices in vitro. 

Discussion. The present findings in con- 
junction with previous results on concentra- 
tive uptake of DON by Ehrlich ascites cells 
(15) and data on concentrative uptake in 
normal tissues(17) readily explain the find- 
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ings(4) that DON rapidly disappears from 
blood after intravenous injection and that 
only minute amounts of it are excreted in the 
urine. In common with the normal amino 
acids it would be reabsorbed in the re- 
nal tubules and be concentrated intracellu- 
larly by the amino acid transport sys- 
tem in many of the visceral tissues. Unfortu- 
nately relative concentrations of DON in vis- 
cera other than liver were not obtained. Stud- 
ies on duodenum and kidney would be of 
particular interest since Noall et al.(17) have 
shown that a-aminoisobutyric acid is concen- 
trated to a greater extent in duodenum and 
kidney than in liver. It is likely that the 
general pattern of concentration intracellu- 
larly will follow that of the normal amino 
acids. 

The high toxicity of DON is probably ex- 
plained by inhibition of purine synthesis(8- 
11) plus its concentration intracellularly by 
the amino acid transport system. This in 
itself does not explain the selective inhibition 
of many transplantable tumors. A somewhat 
greater concentrative uptake of DON by tu- 
mors in conjunction with a relatively greater 
importance of the de novo pathway of purine 
synthesis in tumors(18,19) may account for 
the inhibitory effect on transplantable tumors. 


Ackerman and Potter(20) have proposed 
that inhibition of aa enzyme which is present 
in lower concentrations in a tumor than in 
normal tissue may provide a theoretical basis 
for cancer chemotherapy. However, the pres- 
ence of a lower concentration of an enzyme in 
a tumor may imply that the metabolic path- 
ways in which this enzyme is involved are of 
less importance in metabolism of the tumor 
than of normal tissues. We suggest the fol- 
lowing alternative generalizations. Active 
chemotherapeutic compounds are more likely 
to be compounds which, a) are actively con- 
centrated by tumor cells to a higher intracel- 
lular concentration than by normal cells, or 
b) inhibit enzymes of metabolic pathways 
which are more active in tumor cells than in 
normals. Useful compounds are more likely 
to be found among those which satisfy both 
of these conditions. 
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Summary. DON is concentrated intracel- 
lularly in S 180 and liver to levels 5-fold and 
4-fold higher respectively than the extracellu- 
lar concentration at a plasma level of 0.8-0.9 
mM/kilo of plasma water. Intracellular con- 
centrations in skeletal muscle were the same 
or less than the extracellular. 
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Biophysical Characterization of Infectious Bovine Rhinotracheitis Virus. 
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The agent of infectious bovine rhinotrachei- 
tis (IBR), an acute upper respiratory disease 
of cattle, has been isolated from nasal wash- 
ings of infected cattle on bovine kidney tissue 
culture. The viral nature of the etiologic 
agent has recently been established by exten- 
sive serologic and transmission studies(1-5). 
The virus is cytopathogenic to cells of both 
bovine kidney and human amnion cultures in 
which it induces development of intranuclear 
inclusions, readily observed in stained prepa- 
rations(6). The agent is relatively stable 
and can be held at 4°C over 30 days and at 
22° C for 3 days with no measurable loss of 
titer(7). This study was undertaken to dem- 
onstrate the entity associated with the infec- 
tious unit and to determine its physical char- 
acteristics. 


Materials and methods. Tissue culture. 
Bovine kidney cell cultures were prepared by 
the method of Madin et al.(8) with a medium 
of 0.5% lactalbumin hydrolysate in Hanks 
balanced salt solution containing .01 M Tris 
buffer, with addition of 5% lamb serum. Hu- 
man amnion cell cultures were prepared by 
the method of Zitcer et al.(9) with a medium 
of bovine amniotic fluid containing 5% horse 
serum. Virus. Pritchard and American strains 
of IBR virus as described by Cheatham and 
Crandell(6) were used. Virus pools of Pritch- 
ard strain were prepared by inoculating the 
agent in bovine kidney cultures into 32 oz. 
prescription bottles. When the cytopatho- 
genic effect was complete at about 72 hours, 
the fluid was frozen and thawed several times 
to disrupt the infected cells, then centrifuged 
in refrigerated centrifuge at 2,000 rpm for 
10-15 minutes to remove cellular debris. The 
supernate was centrifuged at 20,000 rpm in 
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No. 21 rotor of Spinco model “L” preparative 
centrifuge for one hour; the sediment was re- 
suspended in phosphate buffered saline of pH 
7.4 and again centrifuged at 5,000 rpm for 15 
minutes in the same rotor. The infectious fluid 
was dispensed into glass ampules, sealed and 
stored at —-60°C. Ten-fold serial dilutions of 
the virus pool, 10! through 107, were made 
in tissue culture medium. One-tenth ml vol- 
umes of each dilution were inoculated into 
each of 4 bovine kidney tissue culture tubes. 
The tubes were observed daily 5 days until a 
cytopathogenic end point was reached. The 
virus pool titered 10-*-°/0.1 ml throughout ex- 
perimental period. Tissue culture infective 
dose 50% (TCID; 9) was calculated by the 
method of Reed and Muench(11). Both ana- 
lytical and preparative Spinco centrifuges 
were used for identification of infectious par- 
ticle. Since concentration of the infectious 
agent was not high enough to permit optical 
detection of the sedimenting boundary in the 
analytical centrifuge cell, pseudovelocity pro- 
cedures were employed using methods de- 
scribed previously(13) for identification of 
the virus particle. Experiments in the pre- 
parative Model “L” centrifuge were carried 
out using the SW-39 rotor. Centrifugation 
speeds were 5,000, 10,000, 15,000, 20,000, and 
25,000 rpm for each of 10, 15, 20 and 25 min- 
ute periods. At the end of each run, samples 
were withdrawn from each third of tube (top, 
middle and bottom), and titrated. Using 
standard centrifugation relations(12), sedi- 
mentation coefficients} were computed for 
each level of tube at indicated velocities. A 
2-log unit loss in infectivity was interpreted 


w” 


1 X_— Xy 
pom. . ) , Where w is the centrifugal 
te- t x 


field, (t,—t,) is time necessary for 2-log unit drop 
of infeetivity in radial distance (x,—x,) of rotor 
with radius x, 


iL 
{ The sedimentation coefficient 8S — (—) . 


BIOPHYSICAL CHARACTERIZATION OF IBR Virus 


TABLE I. Particle Size of IBR Virus as Deter- 
mined by Ultracentrifugation. 


Caleulated virus particle 


; diameter 
Exp. No. Method Mu Mu 
2E —_- Psendo- $125 ae 
3E velocity >146 & <166 
6E >105 to 137 2152 & <160 
1L SW-39 rotor <210 
2L => 95 & =148 
3L >121 & F151 
4 =150 & <210 


as time necessary for virus particle to travel 
the distance (x» = x;) used in these calcula- 
tions. Spherical particle diameters were com- 
puted from corrected sedimentation coefficient 
to water and 20°C (Szo.~) of the cytopatho- 
genic agent, the viscosity of medium (7) and 
the difference between particle and medium 
densities.' Specimens for electron microscopy 
studies were prepared from stock virus by 
various methods, such as air drying, agar pseu- 
doreplica(17) or fixed in formaldehyde and 
dialyzed against distilled water before air dry- 
ing. They were shadowed with uranium at an 
angle of arc tan 1% and examined with a RCA 
electron microscope EMU-3B. At intervals 
during cytopathogenic period, human amnion 
cultures infected with American strain of IBR 
were fixed 2 hours with 1% osmium tetroxide 
in isotonic veronal buffer of pH 7.35 and 
scraped from wall of tubes. The infected cells 
were dehydrated in graded ethanol and em- 
bedded in methacrylate by the method of 
Tousimis and Hilleman(10). Ultrathin sec- 
tions made with a Porter-Blum type ultra- 
microtome(14) were placed on grids coated 
with Parlodion or Formvar film and examined 
in electron microscope without removing the 
methacrylate. 

Results. Centrifugation. The results indi- 
cated that the particle associated with infec- 
tivity has a spherical diameter smaller than 
175-210 my» but equal to or larger than 148- 
151 my. Calculations based on pseudo- 


I 18 Sco, w 
§ Particle diameter (em) d = / ————., where 
Vo pep 
(m) is viscosity of medium, Sxo, w is sedimentation 
coefficient and (p.—p:) density difference between 


particle and medium. 


FIG. 1. Electron micrograph of IBR virus pre- 
pared by agar pseudoreplica method directly from 
stock solutions used in ultracentrifugation experi- 
ments without further concentration or fixation. 
Shadowed with uranium at are tan 1/3. X 38,400. 


velocity experiments carried out with partition 
cell(15) in the analytical ultracentrifuge, 
showed that the infectious particle has a hy- 
drated diameter in the same range as that 
found with the SW-39 rotor (Table I). 


Examination with the electron microscope 
of suspensions of the IBR agent in buffered 
isotonic saline, clarified from infected bovine 
kidney tissue culture cells, revealed particles 
as seen in Fig. 1. The majority of particles 
in these suspensions were 153 + 12 mp in 
width when prepared by agar pseudoreplica 
method and shadowed with uranium. On the 
average about 20% flattening of these par- 
ticles was measured from  shadowlengths. 
Polysterene latex spheres of 260 my in diame- 
ter were used to determine local shadow an- 
gles(16). Assuming that the virus has flat- 
tened to an oblate spheroid upon drying(10), 
its calculated diameter is 136 mp with 10.8 
mp % standard deviation. Particles of this 
diameter were not found in normal control 
preparations. 

In virus suspensions fixed in 2% formalde- 
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hyde before preparation for electron micro- 
scopy, particles with very little flattening and 
widths of 137 + 9 mp were observed. Many 
of these particles had a less electron-dense 
central core, 35 to 46 mp in width, and others 
were irregular in shape and contained round 
dense masses of about 50 mp (Fig. 2A and 
2B). 

In addition to the 136 mp diameter particle, 
we found smaller particles of about 110 mp 
in width and others of 40 mp or less. The 
smaller particles (40 mp or less) were elimi- 
nated by differential centrifugation without 
any detectable change in cytopathogenicity of 
the preparation. Particles of the 110 my 
size were also found in normal control cell 
homogenates. This observation is not suffi- 
cient to eliminate any possible association of 
these particles with the virus itself. The 
possibility that these are the incomplete or dis- 
sociated virus can not be excluded. The pres- 
ence of high numbers of particles smaller (40 
mu or less) than the virus in infected cultures 
suggests that these are cellular components or 
the product of cell degeneration. Correlation 
of the number of virus particles as measured 
in electron micrographs with cytopathogenic 
units(13), showed that approximately 2 x 
10° particles/ml correspond to infectivities of 
107 cytopathogenic units/ml. 

Electron microscopy of ultrathin sections of 
human amnion tissue culture cells infected 
with IBR virus showed numerous intranuclear 
particles of 125 to 140 mp» in width (Fig. 3). 
At later stages of infection (12 days) these 
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* : 
FIG, 2A and 2B. Formaldehyde-fixed virus par- 
ticles for 20 min., dialyzed against distilled water 
for 24 hr and air dried on parlodion-coated grids. 
Shadowed lightly with uranium. »X 180,000. 


BIOPHYSICAL CHARACTERIZATION 


oF IBR Virus 


FIG. 3. Human amnion tissue culture cells 19 
days after infection with IBR. Virus-like particles 
are seen within the nucleus. O,O, stain and meth- 
acrylate embedded. X 4,600. 

FIG. 4. Portion of a human amnion cell 12 days 
after infection. Virus-like particles appear in the 
enlarged nucleus and on cell-surface. 4,600. 


virus-like particles were found in the nucleus 
and cytoplasm and also attached to the sur- 
face of cells (Fig. 4). 

Summary. The size of infectious bovine 
rhinotracheitis virus grown in bovine kidney 
tissue culture, based on ultracentrifugation re- 
sults is between 145-156 my» in diameter. Elec- 
tron microscopical examination of infectious 
fluids revealed particles of 136 + 10.8 mp 
in diameter. Similar particles were observed 
intracellularly in ultrathin sections of the in- 
fected human amnion cells in tissue cultures. 
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Comparison of Monoamine Oxidase Inhibitory Effects of Iproniazid and 


Its Phenyl Congener.* 


(24438) 


Akira Horita AND RALPH G. PARKER (Introduced by J. M. Dille) 
Dept. of Pharmacology, School of Medicine, University of Washington, Seattle 


Iproniazid (1-isonicotinyl-2-isopropylhydra- 
zine) has gained widespread interest in studies 
of the metabolism of biological amines. Its 
ability to inhibit monoamine oxidase (MAO) 
has greatly facilitated the understanding of 
the properties of this enzyme as well as of 
pharmacological and biochemical effects of 
serotonin (5-hydroxytryptamine) and _nor- 
epinephrine in the brain. The MAO inhibi- 
tory properties of iproniazid in vivo were 
earlier described by Zeller e¢ al.(1) and 
Schayer(2). Iproniazid has also been found 
to be effective in treatment of depressed men- 
tal patients. Its use in these cases presum- 
ably depends upon inhibition of MAO and 
prevention of the degradation of endogenous 
amines of the brain. These and other findings 
have stimulated the search for newer and 
more potent inhibitors of MAO. Recently 
the compound _beta-phenylisopropylhydra- 
zinet (PIH) was found to be some 30-50 
times as potent as iproniazid in inhibiting 
MAO both in vitro and in vivo(3). The present 
report describes the effect of a closely related 
compound, _1-isonicotinyl-2-phenylisopropyl- 
hydrazine dihydrochloride+ —(isonicotinyl- 
PIH) on MAO activity. Isonicotinyl-PIH 
also resembles iproniazid, differing only by 
the presence of a phenyl group on the isopro- 


* This work was supported by grants from Lake- 
side Laboratories, Milwaukee, Wis., and Fund 171, 
State of Washington. 

t Beta-phenylisopropylhydrazine is designated as 
Compound JB-516, Lakeside Labs. 


pyl chain. The similarities in structure of 
the 3 compounds are seen in Fig. 1. 
Methods. Thirty-six male Wistar rats were 
used. Jn vitro MAO activity was determined 
by the method described by Sjoerdsma e¢ al. 
(4) and by Bogdanski et al.(5). One milli- 
liter of liver homogenate, 200 mg/ml was incu- 
bated with 4 1M of serotonin creatinine sulfate 
at pH 7.0. The inhibitors were added to the 
enzyme preparations and incubated 15 min- 
utes prior to addition of substrate. Total 
volume of the incubation mixture was 3 ml. 
All incubations were made at 38°C in a con- 
stant temperature shaker. After incubation 
for 30 minutes the mixtures were extracted 
and assayed for residual serotonin according 
to the nitrosonaphthol method of Udenfriend, 
et al.(6). Readings were made on a Beck- 
man DU spectrophotometer. Jn vitro studies 
were carried out using concentrations up to 
10+ M of the inhibitors. The effect of ipro- 
niazid and isonicotinyl-PIH on liver and brain 
MAO in vivo was also investigated. A dose 
of 5 & 10° M/kg of inhibitor was injected 
subcutaneously 2 hours prior to sacrifice of 
the animals. Tissues were quickly removed 
and homogenized and diluted to a concentra- 
tion of 20% (liver) and 33% (brain). One 


} The compound 1-isonicotinyl-2-phenylisopropyl- 
hydrazine dihydrochloride (isonicotinyl-PIH) was 
furnished for these studies by Lakeside Labs., under 
the designation of JB-821. Iproniazid was obtained 
through the courtesy of Dr. R. S. Floody, Hoffmann- 
LaRoche, Nutley, N. J. 
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milliliter of the homogenate was incubated 
with the serotonin as described in the im vitro 
studies. Incubations with brains were car- 
ried out for 1 hour. The degree of MAO in- 
hibition was calculated on the ability of the 
drug to decrease the rate of serotonin break- 
down under the conditions employed. Re- 
sults are graphed as % serotonin metabolized 
by the homogenates in the absence and pres- 
ence of inhibitor. 

Results. The results of im vitro inhibition 
of liver MAO by iproniazid and isonicotinyl- 
PIH are summarized in Fig. 2. Control ho- 
mogenates metabolized approximately 70% 
of serotonin present during 30 minutes of 


incubation. In the presence of 10* M in- 
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CONCS, OF INHIBITORS 
FIG, 2. Graph representing mean values of percent 
serotonin metabolized by rat liver homogenate in 
absence and presence of various concentrations of 
inhibitors. Vertical lines represent stand. error of 
mean values. Figures in parentheses indicate No. 
of experiments in each group. 
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hibitor, both iproniazid and isonicotinyl-PIH 
showed complete inhibition. At 5 x 10° M, 
inhibition by isonicotinyl-PIH was still essen- 
tially complete while the iproniazid effect had 
weakened and permitted about a 35% break- 
down of substrate. When the concentrations 

of inhibitors were decreased to 10° M, sero- 
tonin breakdown occurred in both cases, but 
some inhibition was still present. Inhibition 
produced by iproniazid at this concentration 
was approximately 20% while isonicotinyl- 
PIH still exerted a 40% block. At both 5 x | 
10° and 10° M the difference in degree of 
MAO inhibition exerted by the 2 drugs was 
highly significant (P<0.01). 
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FIG. 3. Graph representing mean values of per- 

cent serotonin metabolism by brain homogenates 

prepared from control rats and rats pretreated 

with 5 X 10°M/kg of iproniazid and of isonico- 

tinyl-PIH. Vertical lines represent stand. error of 

means, Figures in parentheses indicate No. of ani- 
mals used in each group. 


Liver and brain homogenates prepared from 
rats pretreated with the inhibitors showed re- 
sults similar to the in vitro studies. At doses 
of 2-3 * 10° M/kg, liver MAO was com- 
pletely inactivated whereas the brain enzyme 
was still active. The dose of 5 * 10° M/kg 
was selected since both inhibitors produced 
sufficient inhibition to allow comparison of 
their relative effectiveness against brain MAO. 
Fig. 3 indicates activities of brain homogen- 
ates from control and inhibitor-treated rats 
in metabolizing serotonin. Isonicotinyl-PIH 
is approximately twice as effective as ipro- 
niazid in these preparations, showing a 70% 
inhibition. As in the in vitro results the dif- 
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ference in degree of inhibition by the 2 drugs 
was highly significant (P<0.001). 

Discussion. The results of these experi- 
ments indicate that addition of a phenyl 
grouping to the isopropyl chain in iproniazid 
results in a compound with greater MAO 
inhibiting properties. Comparing the results 
obtained earlier with beta-phenylisopropyl- 
hydrazine (PIH)(3) it is also evident that 
the addition of an isonicotinyl group to the 
terminal N greatly decreases this property. 
This agrees with the studies of Davison(7) in 
which isopropylhydrazine was shown to be a 
much more potent MAO inhibitor than its 
isonicotiny] derivative (iproniazid). Although 
the effectiveness of MAO inhibition is reduced 
by addition of the isonicotinyl group to PIH, 
some of the pharmacological effects of the 
latter compound are also reduced or elimi- 
nated (unpublished observations). Studies of 
these compounds thus far indicate that iso- 
nicotinyl-PIH resembles iproniazid in_ its 
MAO inhibitory actions as well as in its 
pharmacological properties more closely than 
PIH. Such factors must be taken into con- 
sideration in the event that these compounds 
become useful therapeutic agents. 


Summary. Comparison of monoamine oxi- 
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dase (MAO) inhibiting properties of iproni- 
azid and its phenyl congener, 1-isonicotinyl-2- 
phenylisopropylhydrazine (isonicotinyl-P1H) 
showed it to be 1.5 to 2 times as effective in 
inhibiting MAO both in vitro and in vivo. 
The results indicate that the addition of a 
phenyl group to the isopropyl chain of iproni- 
azid enhances MAO inhibitory properties. 
Comparisons with beta-phenyl-isopropylhy- 
drazine also indicate that the isonicotinyl 
group hinders the MAO inhibiting property 
of the former compound. 
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Antitumor Activity of 5-Bis(2-Chloroethyl) Amino Uracil Against 


Sarcoma 180 and Ehrlich Carcinoma. 


(24439) 


J. S. Evans anp G. D. MENGEL* 


Research Division, The Upjohn Co., 


Incorporation of chloroethylamine groups 
into compounds of biological activity may 
lead to compounds which have selective action 
on certain types of neoplasms. 1-Phenylala- 
nine nitrogen mustard (CB-3025) (1), quina- 
crine nitrogen mustard(2), and Degranol 
(BCM) (3) may be considered as examples of 
compounds of this type. Lyttle and Petering 
(4) have reported synthesis of 5-bis(2-chloro- 
ethyl) amino uracil (U-8344). Antitumor ac- 
tivity of the compound was demonstrated 
against 2 rat tumors, Walker adenocarcinoma 
256 and the Murphy-Sturm lymphosarcoma. 
This report describes antitumor activity of 
U-8344 in 2 mouse tumors, Sarcoma 180 and 
Ehrlich carcinoma. Chlorambucil (CB-1348) 


fie 


Rigs hyena 


Kalamazoo, Mich. 


was included in the tests as a reference com- 
pound. 

Experimental. The acute LD5o in Swiss 
mice for U-8344 and chlorambucil (CB-1348) 
was 3.5 mg/kg and 63.5 mg/kg, respectively, 
when the drugs were given in a single intra- 
peritoneal injection and animals observed for 
7 days. U-8344 was screened against the as- 
citic form of Ehrlich carcinoma.t Groups of 
10 female Swiss mice were implanted intra- 
peritoneally with 4.2 million tumor cells. 


Treatment was started 16-20 hours later. The 


drug was dissolved in 95% ethyl alcohol and 
stored at 4°C. Solutions were prepared daily 
for injection by diluting aliquots with 1% 
carboxymethyl cellulose. Injections were 


TABLE I. Effect of U-8344 against Ehrlich Carcinoma (Ascites). 


8th day 13th day 


Dosage Change in Change in 
(mg/kg/day) body wt (g) Deaths body wt (g) Deaths 
Tumor control +8 0 + 14 a 
Non-tumor control + 2 0 + 3 0 
U-8344 8 + 4 0 —- 9 0 
is 4 +4 0 aoe 2 
* 2 +5 0 + 12 1 
ci all +9 0 + 16 3 
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TABLE II. Effect of U-8344 and Chlorambucil on Survival of Mice with Ehrlich Ascites. 


; Dosage Median Survival time Alive at 
Preparation (ng/kg/day) days (stand. error) ds 82 days 
U-8344 2 19 (4.0) 50 2 
4 34 (3.8) <.01 5 
8 43 Cina) <.01 5 
1.2 30 (6.1) .02 2 
1.6 27.5 (4.7) 02 2 
Chlorambueil 5.0 16.5 (1.3) 76 0 
10.0 19.0 (1.4) 07 0 
20.0 12.5 (2.2) 13 0 
Tumor control 16.0 (0.9) 0 


Non-tumor control 


16 


* P — Approximate probability of observed deviation from control median ST (normal devi- 


ate test). 


* The authors wish to acknowledge contribution of 
Dr. O. S. Carpenter who made statistical analysis of 
the data. 
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made subcutaneously twice daily for 7 days. 
Mice were weighed at the start of the experi- 
ment and on Ts} and T,3. U-8344 in doses of 
0.4 to 0.8 mg/kg/day produced a 50% inhibi- 
tion (Ts) of body weight gain of ascitic mice 
(Table I). Inhibition of development of as- 
citic fluid is noted also on the 13th day. 

U-8344 was also tested against the 
oie ae Ehrlich carcinoma using survival as the 
index of activity. Chlorambucil was used as 
a standard drug for comparative purposes. 
Solutions of U-8344 and chlorambucil were 
made in ethyl alcohol. Dilutions were made 
daily with saline. The drugs were injected 
intraperitoneally once daily for 3 days into 
groups of 20 female mice which had been im- 
planted with 4.0-4.5 million tumor cells. Sur- 
vivors were checked daily. The experiment 
was terminated on the 82nd day. Average 
survival time was calculated by assuming that 
survivors died 24 hours after termination date. 
Approximately 30% of survivors in all groups 
showed solid tumors at site of injection. U- 
8344 was more effective than chlorambucil in 
prolonging survival time of mice with Ehr- 
lich carcinoma in the doses used. (Table IT). 

U-8344 was tested against the ascitic forms 
of Ehrlich carcinoma and Sarcoma 180, using 
the total packed tumor cell volume (TPCV) 
technic. The drugs were dissolved in ethyl 
alcohol and diluted daily with saline. Injec- 
tions were made once daily for 7 days, begin- 
ning 20 hours after implanting the tumor. 
Total packed tumor cell volume was deter- 
mined 24 hours after last injection. Fifteen 
mice were used per dosage level; 40 mice were 
used for Ehrlich and 30 were used for Sar- 
coma 180 ascites controls. U-8344 is effective 
against the 2 ascitic tumors and is more effec- 
tive than chlorambucil on either a weight or 
molar basis (Table IIT). 

One-tenth ml of a homogenate of Sar- 
coma 180 was implanted subcutaneously in 


.09 


6.18 

3.93 

1.10 
77 
3 
0 
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i 
0 
6 
14 
0 
15 
14 


30 
4 
5 
5 

15 

15 

14 


2.01 
1.0 


7.59 


36 
1 


t+ The Ehrlich carcinoma (ascites form) was ob- 
tained from Dr. T. S. Haushka, of Roswell Park 
Memorial Inst. and has been carried in our labora- 
tory since May 1956. Sarcoma 180 was obtained 
from Dr. K. Sugiura, of Sloan-Kettering Memorial 


3 
Probability of chance deviation from control in No. with no cells as large as observed deviation (Chi-square test). 


Inst. and has been carried in our laboratory since 
Jan. 1957. 
t Ts refers to 8th day after transplanting tumor. 
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Chlorambueil 
U-8344 
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TABLE IV. Effect of U-8344 against Sarcoma 180. 


Tumor wt 


Dosage Change in J tumor 
Preparation (mg/kg/day) body wt (g) mg (S.E.) 1D inhibition Deaths 
U- 13 0 
U-8344 2 +1 474 ( 52.3) 32 
A 0 281 ( 48.2) 05 49 0 
8 — 3 94 ( 16.1) <e Oil 83 0 
Tumor control +3 546 (142.2) 0 
0 
U-8344 8 - 5 Ge (C slaleyy 01 69 
1.2 — 4 29 7.2) <.01 87 2 
1.6 10 150 24) <.01 93 7 
Tumor control 0 218 ( 54.6) 0 
* P — Probability of observed deviation from control avg (t-test). 
TABLE V. Effect of Dosage Schedule on Inhibition of Sarcoma 180 by U-8344. 
: Tumor wt 
Dosage* Dosage Change in Jo tumor 
Preparation (mg/kg/day) schedule bodywt(g) mg (S.E.) P+ inhibition Deaths 
U-8344 8 Ab Ug ye +1 338 ( 54.2) .05 41 1 
1.2 i -—1 200 ( 21.4) <.01 65 1 
1.6 = —-7 U2 (GAG) sd 70 1 
Tumor control +3 Byal (lees )) 0 
U-8344 8 Ts, Ts, Tit 0 770 (105.3) .03 36 0 
1.2 a — 4 743 (161.0) 04 38 0 
1.6 4 — 8 TOO 3) 02 40 2 
Tumor control -—2 1200 (171.9) 2 
U-8344 8 T,-T,§ — 4 128 ( 14.5) <.01 76 0 
ig w - 5 79 Gs 82) ¥ 85 aL 
1.6 H = 7 ote (Cy i.) eS 92 1 
Tumor control 0 596 ( 54.9) 0 


* Drug was given intraper. once daily, diluted in 0.9% NaCl. 
+ Probability of observed deviation from control avg (t-test). 


¢ Sacrificed 4 days after last inj. 
§ ” 94 hr ” ” ” p 
| 


the groin of Swiss mice. Treatment was 
started 16-20 hours after tumor implantation 
and continued daily for 7 days. The tumors 
were dissected out and weighed on a Roller- 
Smith balance 16-20 hours after last injection. 
Drugs were given intraperitoneally in single 
daily doses in saline. Ten mice were used on 
each dosage level. 

A significant inhibition of tumor weight 
was observed when 0.8 mg of U-8344 was 
given per kg of body weight (Table IV). 

A preliminary study was made to determine 
if U-8344 was effective on established Sar- 
coma 180 tumors. It was found (Table V) 
that U-8344 was less effective on 5-day-old 
Sarcoma 180 tumors using dosage schedules 
that produced significant inhibition of 1-day 
tumors. Drug levels used produced severe 


body weight loss. Inanition of the animals 
may be responsible for a significant portion of 
the tumor inhibition. 


Conclusion. 5-Bis(2-chloroethyl) amino 
uracil (U-8344) is an effective agent against 
the solid and ascites forms of Ehrlich car- 


cinoma and Sarcoma 180 under specified con- 
ditions. 


1. Bergel, F., Stock, J. A.. J. Chem. Soc., 1954, v2, 
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Ratpyu Koun?t anp J. Gorpon Miriicuapt 
Depts. of Pharmacology and Pediatrics, Albert Einstein College of Medicine, Yeshiva University, 
N.Y. City 


Presence of histamine in the central nerv- 
ous system has been demonstrated(1) but its 
functional significance is not understood. In 
previous studies, effects of histamine on the 
brain have been examined in laboratory ani- 
mals and responses have varied with method 
and site of iniection. When the drug was 
administered through a cannula implanted in 
the lateral ventricles, Feldberg and Sherwood 
(2) observed profound muscular weakness 
and signs of autonomic disturbance in the un- 
anesthetized cat. By direct intracerebral in- 
jection of histamine in the mouse, however, 
Haley(3) has referred to the occurrence of 
clonic convulsions in addition to other toxic 
manifestations. That histamine may be in- 
volved in the seizure mechanism is suggested 
by some central actions of antihistaminics and 
the efficacy of these agents in the control of 
certain seizures. Diphenhydramine is effec- 
tive in treatment of petit mal epilepsy; it will 
eliminate from the electrocorticogram seizure 
discharges experimentally induced in animals 
(4). Central sympathetic stimulation and a 
pressor response obtained by injection of his- 
tamine into the lateral ventricle of the cat 
were abolished by previous injection of an 
antihistaminic in this site($). Further, a re- 
markably high incidence of allergy has been 
observed in children with autonomic(6) and 
febrile seizures(7) and attention has been 
drawn to a possible relation between allergy 
and occurrence of abnormal electroencephalo- 
graphic patterns(8). The present laboratory 
investigation was designed to elucidate fur- 
ther the relation of histamine to seizures. 
Properties of histamine-induced seizures and 
their modification by various classes of drugs 
have been studied in both mice and guinea 


* This investigation was supported in part by Nat. 
Inst. Neurol. Diseases and Blindness and Burroughs 
Wellcome & Co., Tuckahoe, N. Y. 

+ During tenure of Riker Fellowship awarded by 
International Council of Pharmacol. 

t Present address: Mass. General Hosp., Boston. 


pigs, since these animal species differ mark- 
edly in their sensitivity (9,10). 

Methods. Swiss albino mice weighing 18- 
22 g, and young guinea pigs, 100-200 g, were 
used as experimental animals. The intra- 
cerebral dose of histamine acid phosphate re- 
quired to produce convulsions in 97% of 
animals was established (CDpy;) and the pat- 
tern and duration of the seizure examined. 
Histamine, administered by the method of 
Haley and McCormick(11), was injected to 
a depth of 2-3 mm at a point 2 mm from the 
midline of the skull at the level of the an- 
terior base of the ears. All doses are stated 
in terms of the salt. A syringe graduated to 
0.001 ml and 3%”, 30 gauge needle facilitated 
accurate measurement and administration of 
small quantities of drug; occurrence of leak- 
age along the needle track, as pointed out by 
Bedford(12), was reduced to a minimum. 
Possible reactions due to penetration and 
trauma of the brain by the hypodermic needle 
or volume of fluid per se were investigated. 
Effects of distilled water and isotonic saline 
were compared with those of phosphate buffer 
solutions of various pH values. Since hista- 
mine acid phosphate in isotonic saline was 
markedly acidic, the drug was adminis- 
tered in phosphate buffer solution at pH 5.25. 
Anticonvulsants, tranquilizing agents, anti- 
histaminics and adrenocortical steroids were 
tested for ability to abolish or modify the 
pattern of seizures induced by the CDg; of 
histamine. In mice, except for antihistamin- 
ics administered by the intraperitoneal route 
in one experiment and adrenocortical steroids 
which were injected subcutaneously, all drugs 
were given orally and dissolved or suspended 
in 10% acacia solution, of approximate vol- 
ume 0.4 ml per 20 g body weight. In guinea 
pigs, drugs were administered by the intra- 
peritoneal route, with the exception of serpasil 
which was given orally; the fluid volume 
injected was approximately 0.5 ml per 100 g 
body weight. Five animals were tested at 
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each dose level and responses compared with 
a control group given histamine alone. Apart 
from adrenocortical steroids, drugs were ex- 
amined for time of peak activity. For deter- 
mination of anticonvulsant potency, groups 
of 5 mice given graded amounts of drug were 
challenged with the CDg7 of histamine at the 
time of peak effect, until points were estab- 
lished between complete and no protection. 
Results were plotted on logarithmic probabil- 
ity paper and a regression line drawn. From 
these data, the ED; ) was determined and 
95% confidence limits calculated. The anti- 
convulsant EDp»7 in mice was used for tests of 
anticonvulsant drug action in guinea pigs. 
Anticonvulsant and antilethal effects of tri- 
pelennamine, diphenhydramine and_ chlor- 
promazine were compared in guinea pigs and 
mice; 5 animals were challenged with an 
intracerebral CDpy; of histamine at one half 
hour after intraperitoneal administration of 
a 25 mg/kg dose of each antihistaminic. In 
addition to observations of the convulsant 
action of histamine when injected intracere- 
brally, effects of intraperitoneal injection were 
investigated in mice subjected to electroshock 
and pentylenetetrazol (metrazol) seizures. 
The threshold to maximal electroshock sei- 
zures in m.amps. was determined 45 min. be- 
fore and 5 min., 1 and 2 hr subsequent to 
injection of histamine in doses of 5-2000 mg/ 
kg. A group of control mice was tested at 
the same time intervals. Similar doses of 
histamine were administered to mice given a 
CDpo; of metrazol (85 mg/kg) by subcutane- 
Ous injection after an interval of 5 min. Time 
of onset and severity of the seizure were com- 


pared in control animals not treated with 
histamine. 
Results. Induction of seizures by intra- 


cerebral histamine. A momentary decrease in 
motor activity followed penetration of the 
brain with the needle and injection of a vol- 
ume of distilled water or isotonic saline, 0.01 
ml in the mouse and 0.02 ml in the guinea 
pig; convulsions did not result. No untoward 
reactions occurred in animals injected intra- 
cerebrally with solutions of M/15 KH.Po, 
and Na2HPo, at pH values from 4.52 to 8.83. 
Histamine acid phosphate, 200-500 y in 0.01 
ml of isotonic saline, had a pH value of 3.9. 
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When dissolved in a phosphate buffer of pH 
8.2, the pH of histamine solution was 5.25. 
Histamine, 200-500 y (10-25 mg/kg) by in- 
tracerebral injection in the mouse, produced 
the following seizure pattern: onset within 
3-5 min. with circling and rolling toward the 
side of injection; hyperkinetic behavior and 
tremor were followed by intermittent clonic 
jerks and flexor and extensor spasms of fore- 
and hind-limbs; severe generalized clonus, the 
principal component of the seizure, was re- 
peated at irregular and short intervals and 
was succeeded by tonic extension of all limbs 
and death of the animal within 5-30 min. 
Occasionally, tonic extension of hind-limbs 
occurred at the onset of the seizure. The 
CDo7 of intracerebral histamine in the mouse 


was 25:mg/kg; at doses below 25 mg/kg but. 


greater than 10 mg/kg, occurrence of convul- 
sions was less constant. Injection of 0.25-10 
mg/kg of histamine caused tachypnea, defeca- 
tion, urination, vasodilation and irritation of 
the ears and occasionally, a Straube tail 
phenomenon; convulsions did not occur. In 
the guinea pig, a clonic seizure pattern similar 
to that in the mouse was observed following 
intracerebral injection of histamine in doses 
of 5-10 mg/kg. A dose of 10 mg/kg pro- 
duced seizures consistently and was used in 
subsequent tests of anticonvulsant activity of 
drugs. Compared to the mouse, occurrence of 
convulsions and death was more rapid; gen- 
eralized clonus began within 10 to 60 sec. and 
the animals died in 1 to 4 min. A typical 
seizure in the guinea pig consisted of cycling 
movements of fore-limbs followed by general- 
ized clonus; tonic extension of hind-limbs 
was noted rarely. While the convulsive and 
lethal intracerebral dose of histamine in the 
guinea pig was smaller than in the mouse, the 
difference in sensitivity was considerably 
greater when histamine was injected intraperi- 
toneally. 
LDg; in the guinea pig and mouse was 10 ang | 
2500 mg/kg, respectively. 


Actions of drugs on histamine-induced sei- 


zures. Anticonvulsants. (Table I). Tri- 
methadione and phenobarbital abolished sei- 


zures completely and the animals survived; | 
protective or therapeutic indices in the mouse | 


By this route of administration, the 


compared favorably with those reported in. 


wr a. 
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TABLE I. Effect of Anticonvulsants against Seiz- 
ures Induced by Intracerebral Histamine. 


Time of 
maximal Effective Protective 
Drug effect, hr doses, mg/kg index* 
Trimethadione 14 295 2.3 
(204-428) 
Phenobarbital 3 30 1.9 
( 20- 44) 
Acetazolamide 3 630+ 32 
(460-860) 
Diphenylhydan- 3 =i ¢ 0 
toin 


* Ratio TD /EDs5. t Incomplete control. 


¢ Seizures exacerbated. 


tests of anti-metrazol activity(13). In the 
sedative doses employed, both trimethadione 
and phenobarbital were effective also against 
histamine seizures in the guinea pig. Respec- 
tive values for the ED 5) were not determined 
in this species. The depressant effect of tri- 
methadione was remarkable in the guinea pig 
and much greater than in the mouse. In mice, 
acetazolamide in non-toxic doses prevented 
severe clonic seizures and death in tonus; hy- 
perkinesia, circling movements, and mild 
clonic jerks were not abolished, even with 
doses of 1800 mg/kg. In guinea pigs, the 
partial anticonvulsant action of acetazolamide 
observed in mice was not demonstrated at a 
dose level of 1800 mg/kg. Diphenylhydan- 
toin, 25-300 mg/kg in mice and 50 mg/kg in 
guinea pigs, failed to prevent and indeed, 
exacerbated histamine-induced clonic  sei- 
zures; the small tonic component of the sei- 
zure was abolished but death ensued. 
Tranquilizers. Chlorpromazine, in oral 
doses of 5 and 50 mg/kg, had no anticonvul- 
sant or antilethal action in mice tested with 
histamine intracerebrally after an interval of 
1 hr. In guinea pigs given chlorpromazine 
intraperitoneally and tested at 1% hr, death 
from intracerebral histamine was prevented 
by a dose of 5 mg/kg and the seizure was ob- 
tunded in addition in animals treated with a 
dose of 25 mg/kg. Injection of histamine 
was repeated after 2 hours in 5 animals given 
the larger dose of chlorpromazine; 2 animals 
exhibited generalized clonic seizures of de- 
layed onset but all survived. Both mice and 
guinea pigs were sedated by the larger doses 
of chlorpromazine employed. In addition to 
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a protective effect against histamine adminis- 
tered intracerebrally, chlorpromazine, in a 
dose of 25 mg/kg, prevented convulsions and 
death in guinea pigs given 3 lethal doses of 
histamine (30 mg/kg) by the intraperitoneal 
route. Mice treated with the same dose of 
chlorpromazine were not protected from 2 
lethal doses of histamine (6000 mg/kg intra- 
peritoneally) and, compared with controls, the 
time of death was accelerated. Serpasil, in 
sedative doses of 20 and 40 mg/kg, caused 
exacerbation of seizures in both mice and 
guinea pigs; animals were challenged with 
histamine at 1% hr after administration of 
drug. 

Antthistaminics. In mice tested at 1, 2 and 
3 hr after oral administration of drug, tripel- 
ennamine 50-150 mg/kg, diphenhydramine 
25-50 mg/kg, and thephorin 100-200 mg/kg 
failed to protect against histamine-induced 
seizures and death. Tripelennamine, in toxic 
doses of 200 and 250 mg/kg, prevented con- 
vulsions and death in 2 of 4 mice tested with 
intracerebral histamine; larger doses of 400- 
500 mg/kg had convulsant and lethal effects. 
Diphenhydramine, in 100, 200 and 300 mg/ 
kg doses and thephorin, 400 and 500 mg/kg, 
caused hyperkinesia, convulsions and death in 
tonus. In guinea pigs tested at 10-15 min. 
after intraperitoneal administration of drug, 
antihistaminics showed protective — effects. 
Tripelennamine, in a non-toxic dose of 5 mg/ 
kg, prevented death and reduced severity of 
histamine-induced seizures. At a dose of 10 
mg/kg, both tripelennamine and diphenhy- 
dramine abolished the generalized clonic com- 
ponent of the seizure in 4 of 5 animals tested. 
Of the 5 guinea pigs treated with diphenhy- 
dramine and given a second injection of his- 
tamine after an interval of 1 hr, generalized 
clonic convulsions occurred in 4 and _ tonic 
extensor spasms of both fore- and hind-limbs 
were associated in 2. In the experiment de- 
signed to compare the relative potency of 
effect of antihistaminics in guinea pigs and 
mice, equal and non-excitant doses of tripelen- 
namine, diphenhydramine and the weak anti- 
histaminic, chlorpromazine showed greater 
and and more specific anticonvulsant and 
anti-lethal activity in the guinea pig (Table 
II). Apart from tripelennamine, which pro- 
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TABLE II. Comparison of Effects of Antihista- 
minies in Guinea Pigs and Mice Treated with an 
Intracerebral CD,, of histamine. 


Anticonvulsant Anti-lethal 
potency” potency” 
Antihistaminie Guinea Guinea 
(25 mg/kg) pig Mouse pig Mouse 
Tripelennamine 2 1 | 1 
Diphenhydramine 3 0 5 2 
Chlorpromazine 3 0 3 2 
Total 8/ld~ 1/15 12/15 5/15 
(58%) (7%) (80%) (33%) 


* Expressed as No. of animals out of 5 protected. 


tected only 1 of 5 mice from histamine-in- 
duced seizures, antihistaminics were ineffec- 
tive as anticonvulsants in this animal species. 
Indeed, in mice treated with diphenhydra- 
mine, the onset of convulsions was accelerated 
and clonus was exacerbated. 


Adrenocortical steroids. Cortisone acetate, 
in a dose of 140 mg/kg daily, failed to pre- 
vent and accelerated convulsions and death in 
10 mice tested after treatment for 4 consecu- 
tive days. Desoxycorticosterone acetate, 27 
mg/kg administered daily for 4 days, also 
failed to prevent, but retarded the onset of 
seizures and death. The threshold to mini- 
mal electroshock seizures is affected similarly 
by adrenocortical steroids(14) and, like his- 
tamine-induced seizures, the minimal electro- 
shock seizure though less severe is principally 
clonic in type. Histamine given intraperi- 
toneally in doses of 5, 50, 500 and 2000 mg/ 
kg delayed the onset of metrazol-induced sei- 
zures by 3.6, 2.2, 6.1 and 24 min., respec- 
tively. In 10 control mice, mean time of 
onset of clonus was 2.9 min. (with a range of 
1.5-4.5); in 4 groups of 5 histamine-treated 
mice, clonus occurred at 6.5, 5.1, 9 and 27 
min., respectively. Generalized clonic sei- 
zures were prevented in 1 of 5 animals given 
histamine in a dose of 500 mg/kg and in a 
similar number treated with a toxic dose of 
2000 mg/kg. Histamine, by intraperitoneal 
injection in the same dose range, had no sig- 
nificant effect on the maximal electroshock 
seizure threshold in mice. 


Discussion. When administered intraperi- 
toneally, histamine will induce seizures fairly 
consistently in the guinea pig but less com- 
monly in the mouse. In response to intra- 
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cerebral histamine, however, seizures are the 
most remarkable manifestation of toxicity and 
their properties may be compared in both ani- 
mal species. Histamine-induced seizures are 
principally clonic in type and the pattern re- 
sembles that produced by metrazol and by 
fever(7). They are prevented by trimethadi- 
one, an antiepileptic drug which controls ex- 
perimental metrazol and febrile seizures, and 
are exacerbated by diphenylhydantoin, which 
is ineffective against metrazol and _ fever- 
induced seizures(7). Whereas trimethadione 
is of value clinically in treatment of petit mal 
and minor clonic seizures, the incidence of 
such seizures may be increased by diphenyl- 
hydantoin(4). Evidence of a diencephalic 
origin for petit mal(15) and possibly for 
febrile seizures(16) has been reported. Fur- 
ther, it is of interest that relatively high con- 
centrations of histamine have been found in 
the region of the hypothalamus(1). These 
observations, together with the known efficacy 
of antihistaminics in treatment of petit mal, 
suggest that paroxysmal and excessive release 
of histamine in the diencephalon may possibly 
be involved in the origin of certain seizure 
discharges. 

That histamine may be involved in the sei- 
zure mechanism is supported further by the 
anticonvulsant action of antihistaminics ob- 
served in laboratory animals. In the guinea 
pig, an animal highly sensitive to histamine, 
tripelennamine and diphenhydramine are 
antagonistic to histamine-induced seizures 
whereas in the mouse, a histamine-resistant 
species, antihistaminics have little or no pro- 
tective effect. The high natural resistance 
observed when histamine is administered par- 
enterally in the mouse is not understood; it 
may be explained by a relatively rapid rate 
of inactivation by acetylation, cellular binding 
and the enzyme histaminase. The minimal 
signs of toxicity to the central nervous system 


may be due to low concentrations of drug in > 
The difference in sensitivity be-_ 


the brain. 
tween mouse and guinea pig is much less re- 
markable when histamine is given by direct 
intracerebral injection. While pertussis vac- 
cine is known to enhance sensitivity of the 
mouse to histamine given intraperitoneally 
(17,18) an exacerbation of convulsions in- 
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duced by histamine given  intracerebrally 
could not be demonstrated.’ However, de- 
spite the greater uniformity in sensitivity to 
intracerebral histamine, the guinea pig and 
mouse differ markedly in response to anti- 
histaminics. In addition to their ineffective- 
ness against histamine-induced seizures in the 
mouse, antihistaminics fail to protect this 
species from a lethal parenteral dose of his- 
tamine. In the mouse, toxic effects of anti- 
histaminics are added to those of histamine 
(19) whereas in the guinea pig, protective 
effects are evident. The ability of chlorpro- 
mazine to obtund histamine seizures in the 
guinea pig but not in the mouse may be re- 
lated to its weak antihistaminic activity. Ser- 
pasil, a tranquilizing agent without antihis- 
taminic properties, exacerbated histamine sei- 
zures in both mice and guinea pigs. 


The guinea pig differs from the mouse and 
rat, not only in its sensitivity to histamine 
but in the seizure response to electroshock 
stimuli. A maximal seizure with tonic exten- 
sion of hind-limbs is observed rarely and 
generalized clonus is the principal component 
(20). Since histamine-induced seizures are 
mainly clonic in type and certain clinical con- 
vulsive disorders may possibly be related to 
abnormal histamine release, the guinea pig 
should prove of value in laboratory evaluation 
of potential anticonvulsant compounds. 


Libet et al.(21) have investigated a possi- 
ble anticonvulsant action of histamine given 
parenterally in dogs. Seizure discharges in- 
duced by leptazol were prevented or their 
onset was delayed. The apparent anticon- 
vulsant effect was explained by histamine- 
induced vasodilation and consequent dilution 
of leptazol. The present experiments in mice 
confirm these observations. While metrazol- 
induced seizures are retarded or abolished by 
histamine injected intraperitoneally, the 
threshold to electroshock seizures is not modi- 
fied significantly. Thus, a non-specific an- 
tagonism to metrazol and seizures is sug- 
gested. Furthermore, in clinical studies, his- 
tamine failed to control petit mal seizures 
(22) and had no demonstrable effect on the 
electroencephalogram (23). 


§ Personal observation (R.K.). 
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Summary. Clonic seizures were induced in 
the mouse and guinea pig by intracerebral 
injection of histamine. They were prevented 
by trimethadione, exacerbated by diphenyl- 
hydantoin, and incompletely controlled by 
acetazolamide. Apart from chlorpromazine, 
tranquilizing agents were ineffective. Corti- 
sone and desoxycorticosterone caused mild 
exacerbation and some reduction in severity 
of seizures, respectively. Antihistaminics pre- 
vented histamine seizures in the guinea pig 
but not in the mouse. The difference in sen- 
sitivity of these species to histamine by intra- 
peritoneal injection was less evident by the 
intracerebral route. Control of metrazol- 
induced seizures by histamine was a non- 
specific antagonism. The possible relation of 
histamine to seizure mechanisms is discussed. 


The authors wish to thank Dr. Alfred Gilman, Dr. 
Henry L. Barnett, and Dr. Howard G. Rapaport for 
their interest and encouragement. 
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Comparative in vitro Corticoidogenic Effects of Rat Adenohypophysial 


Extract and U.S.P. [Reference Standard Corticotropin.* 


(24441) 


CLAUDE FORTIER 
Blue Bird Neurological Research Labs., Methodist Hospital, and Dept. of Physiology, 
Baylor University College of Medicine, Houston, Tex. 


Consistently higher values for pituitary 
ACTH concentration, in the intact rat, have 
been obtained with Saffran and Schally’s im 
vitro corticoidogenic assay(1) than with 
Sayers’ in vivo adrenal ascorbic acid depletion 
method(2). Due allowances being made for 
the different strains of rats and extraction 
procedures utilized by various groups, the 
values recorded, in terms of milliunits (mu) 
of ACTH /mg of fresh pituitary tissue, range 
from 10 to 18(3-6) with Sayers’, and from 
52 to 241(7,8) with Saffran and Schally’s as- 
say. A mean concentration of 64.6 + 1.8 
mu/mg was recorded, in this laboratory, from 
100 in vitro assays (average X : 0.106 + 
0.004) of 0.1N HCl-extracted pituitaries from 
intact male Sprague-Dawley rats (Fortier, un- 
published). To account for the discrepancy 
in results yielded by the 2 assaying proced- 
ures, the possibility was raised by Birming- 
ham et al.(7) that steroidogenic/ascorbic acid 
depleting (S/AA) activity ratio might be 
higher in native (pituitary extract) than in 
more purified (Reference Standard) corti- 
cotropin. This view was not supported by 
results of concurrent 4-point-2-dose assays of 
the same pituitary extract against the same 
standard, respectively based on in vitro corti- 
coidogenesis, and on adrenal ascorbic acid 
depletion and rise of adrenal and plasma cor- 


* This investigation was supported by research 
grant from Inst. of Neurol. Dis. and Blindness, 
NED OURS Pablo: 


ticosteroids in hypophysectomized rats (Guil- 
lemin, Fortier and Lipscomb, unpublished). 
Nearly identical values (20-24 mu/mg) were 
obtained on the basis of in vivo corticoido- 
genesis and ascorbic acid depletion, whereas 
a markedly higher concentration (62 mu/ 
mg) was again recorded on the basis of im 
vitro corticoidogenesis. The discrepancy 
would thus appear to be related to differences 
in the nature (7m vivo or in vitro) rather than 
in the end-points (adrenal ascorbic acid de- 
pletion or corticoidogenesis) of the assays. 
The following possibilities were accordingly 
considered in the present study: a) Condi- 
tions prevailing in the in vitro assay might fa- | 
vor activation of a structurally related, hypo- . 
thetical precursor of ACTH (protocorticotro- - 
pin), contained in rat pituitary extract; b) 
Differences in the fates of, or responses to, the : 
presumably distinct molecules corresponding | 
to rat and hog (U.S.P. Reference Standard) 
corticotropins might be selectively enhanced | 
by conditions prevailing in one of the 2 assay- - 
ing systems under consideration. These pos- - 
sibilities were assessed by comparing rat pitui- 
tary extract and U.S.P. Reference Standard | 
Corticotropin, in Saffran and Schally’s in vitro’ 
system, with respect to inactivation, corti-, 
coidogenic effects, and extent of corticotrophic; 
activation conferred to the incubated glands, 
as a result of a limited period of contact. 


Materials and methods. Pituitary extracts.) 
Adenohypophyses from adult male Sprague~+ 


| 
| 


_ incubation 
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Dawley rats, killed by decapitation, were 
quickly removed from the skull, separated 
from neural lobe, wiped clean of blood, and 
weighed to nearest 0.05 mg. Pooled glands 
from 3 rats were ground with a few grains of 
sand in 15 ml conical centrifuge tube contain- 
ing 0.6 ml of 0.1N HCl. The rod was rinsed 
into tube with 0.3 ml of 0.1N HCl. After 30 
minutes at room temperature, the stoppered 
extract was stored in deep-freeze. A weighed 
sample of U.S.P. Reference Standard Corti- 
cotropin was dissolved in equinormal HCl, 
and stored for same period as the extract. On 
day of assay, both were thawed, and adjusted 
to 0.01 normality. Comparative effects of in- 
cubation on in vitro corticoidogenic activity 
of U.S.P. Reference Standard Corticotropin 
and rat pituitary extract. Aliquots of U.S.P. 
Reference Standard Corticotropin, corre- 
sponding to 10 (U*) and to 30 (U*) mu of 
ACTH, in 0.3 ml of solvent, /100 mg adrenal, 
were equally distributed among 4 of a set 
(A) of 8 beakers containing 1.4 ml of Krebs- 
Ringer-Bicarbonate-Glucose medium. These 
beakers were incubated for 2 hours in Dubnoff 
Metabolic Shaking Incubator, at 38°C and in 
water-saturated atmosphere of 95% Oz, 5% 
CO,. At end of this incubation period, cor- 
responding to end of concurrent one-hour pre- 
of another set (B) of 8 beakers 
containing quartered adrenal glands in the 
same volume of medium, similar aliquots (S! 
and S*) of fresh ACTH were added to the 4 
remaining beakers of set A, and the glands 
rapidly transferred from beakers of set B to 
those of set A. Incubation was resumed for 
additional 2 hours, and potency ratio of in- 
cubated to fresh material assessed by means 
of Bliss’ methods for factorial analysis and 
analysis of variance(9), on the basis of their 
respective effects on in vitro production of UV- 
absorbing steroids(1). In analogous experi- 
ments, aliquots of fresh and incubated rat 
pituitary extract, corresponding to one qos 
and U!) and to 3 (S? and U*) fiftieths of a 
gland, in a volume of 0.3 ml, /100 mg adrenal, 
were substituted to those of Reference Stand- 
ard Corticotropin. In both instances, actual 
weights of glands with which they would 
eventually be incubated being unknown by 
the time the U aliquots were added, the doses/ 


629 


100 mg adrenal were determined on basis of 
average adrenal weight of 2 rats of the same 
B.W. as those to be killed for assay one hour 
later. The S doses of fresh material were ad- 
justed for each beaker, by multiplying true 
weight of glands therein contained by the ra- 
tio: assumed adrenal weight/true adrenal 
weight, in corresponding U beaker. Com- 
parative in vitro corticoidogenic effects of 
U.S.P. Reference Standard Corticotropin and 
Rat Pituitary Extract. Quartered adrenal 
glands from 48 female Sprague-Dawley rats 
(120-130 g, B.W.) were distributed, in sepa- 
rate experiments, among 6 homogeneous sets 
of 8 units, each made up of 8 quarters from 
same donor population. These were weighed 
to nearest 0.05 mg, and allotted to beakers 
containing 1.5 ml of freshly gassed medium. 
Following preincubation for one hour, the 
fluid was aspirated off and replaced with 1.4 
ml of fresh medium. In 4 of the 6 sets, 20 
mu of Reference Standard Corticotropin, in 
0.3 ml of solvent, /100 mg adrenal was added 
to one-half of the beakers; a similar volume 
of extract, corresponding to 0.4 mg of fresh 
pituitary tissue,t /100 mg adrenal, to the 
other half. In the remaining 2 sets, only the 
solvent (0.01N HCl) was added. Incubation 
was resumed for periods of 15, 30, 60 and 120 
minutes (for 2 units of each set), at the end 
of which 1 and 0.1 ml of the media were re- 
spectively used for determination of the UV- 
absorbing compounds by spectrophotometric 
method of Saffran and Schally(1), and of the 
corticosterone-like steroids by the method of 
Silber, recently described by Guillemin et al. 
(10, 11), and based on the sulfuric acid-in- 
duced fluorescence of these steroids(12). 
Effect of time of contact with incubated glands 
on relative potency of rat pituitary extract to 
U.S.P. Reference Standard Corticotropin. 
Following concurrent preincubation, under 
usual conditions, of 2 sets (A and B) of 8 
beakers containing 8 adrenal quarters from 
the same donor population, the fluid was as- 
pirated off and replaced with 1.4 ml of fresh 
medium. Aliquots of 10 (St) and 30 (S?) 
mu/100 mg adrenal of the reference standard, 


+t In preliminary assay of extract, this amount of 
pituitary tissue was observed to correspond to 20 mu 
of ACTH. 
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Comparative in vitro corticoidogenic ef- 


fects, in terms of UV-absorbing steroid production, 
of U. S. P. Reference Standard Corticotropin and 
rat pituitary extract. In this, as in following fig- 
ures, stand. errors are indicated by T-shaped bars 
and columns. 

FIG, 2, Comparative in vitro corticoidogenie ef- 
fects, in terms of fluorescent steroid production, of 
U.S. P. Reference Standard Corticotropin and rat 
pituitary extract. 


TABLE I. Effeet of Incubation for 2 Hours in a 

Gell-Free Medium on In Vitro Corticoidogenic Ac- 

tivity of U.S.P. Reference Standard Corticotropin 
and Rat Pituitary Extract. 


Potency 

ratio* 95% Index of 

(incubated confidence precision 
Sample /fresh) limitst (r) 
ACTH, U.S.P. 959 -780-1.175 044 

ref. std. 

Rat pituitary extr. .974 .294-3.039 174 
813 .660- .986 043 


* Antilog M. + Antilog C?M + CtSm(9). 


in 0.3 ml of solvent, were added to 4 of the 

beakers of each set; doses of pituitary extract, 

corresponding to one (U!) and to 3 (U?) 

fiftieths of a gland, to the other 4. In 4 suc- 

cessive experiments of this type, incubation 

was resumed for a period of 2 hours for the_ 
A sets, of 15, 30, 60 and 120 minutes respec- 

tively, for the B sets. The media from the 
latter were aspirated off and discarded. The 

glands were twice washed with fresh medium, 

1.5 ml of which was added, prior to a final 2 

hour-incubation. Potency ratios from stand- 

ard (A) and modified (B) assays were deter- 

mined as usual, and the effect of variable pe- 
riods of contact, ascertained from their differ- 
ences. 

Results. Little alteration of the im vitro 
corticoidogenic activity of U.S.P. Reference 
Standard Corticotropin or rat pituitary ex- 
tract resulted from their respective incuba- 
tions for 2 hours in a cell-free mediumt 
(Table I). The closeness of the potency ra- 


FIG. 3. Effeet of duration of contact with the 
incubated glands on potency ratio of rat pituitary 
extract to U. 8. P. Reference Standard Corticotro- 
pin, determined on basis of residual corticotrophie 
activation conferred to the glands. Of the 2 con- 
current assays run for each time ordinate, one was 
carried out according to standard procedure; the 
corticotrophie principles remaining in contact with 
the glands throughout the 2-hr period of ineuba- 
tion, the second involved a limited period of cou- 
tact, followed by washing of the glands, prior to 
resumption of incubation for 2 hr in fresh medium. 
Results are expressed as percentages of potency 
ratios from the corresponding standard assays. 


Stand. errors were derived from Sm’s of the as- | 
| 


says. 


t Partial (44%) loss of activity of the reference 


standard, previously reported(13) as a result of in- | 
cubation, is imputed to neutralization of the sample, | 


prior to incubation. 


CoMPARATIVE in vitro CORTICOIDOGENIC EFFECTS 


tios and overlap of their confidence limits 
would seem to preclude, furthermore, a selec- 
tive effect of incubation on 1 of the 2 cortico- 
tropins. Both corticotropins markedly en- 
hanced the basal production of UV-absorbing 
(Fig. 1) and fluorescent (Fig. 2) steroids by 
the incubated glands. From the parallelism 
of the slopes, contiguity of the means, and 
overlap of the standard errors, the in vitro 
corticoidogenic effects of reference standard 
and pituitary extract appeared to be qualita- 
tively and quantitatively identical, at their 
respective dosage levels. When, however, 
relative potency of extract to standard was 
ascertained in terms of corticotrophic activa- 
tion conferred to the glands, as a result of a 
limited period of contact (Fig. 3), it was 
shown to increase linearly with duration of 
contact. 


Discussion. In vitro activation of a hypo- 
thetical protocorticotropin in the pituitary 
extract would have been expected to result 
in increasing divergence, with time, of the cor- 
ticoidogenic responses to the extract and to 
the reference standard. This possibility is 
excluded by the observed parallelism of the 
responses. Differences in rates of in vitro in- 
activation of the 2 principles, as a result of 
incubation in a cell-free medium or in the 
presence of the glands, are likewise precluded 
by the similarity of their incubated/fresh po- 
tency ratios, and the lack of divergence of 
their time-response slopes throughout incuba- 
tion. 

The UV-absorbing and fluorescent proper- 
ties of the steroids, used in this study as in- 
dices of in vitro corticoidogenic activity, have 
been respectively ascribed to the A 4-3-ketone 
group(14,15) and, on the basis of indirect evi- 
dence(16), a-ketolic side chains.§ The strict 
comparability of the corticoidogenic effects 
of extract and standard, ascertained in terms 


§ Other characteristics are, no doubt, involved in 
the fluorescence reaction(12). a-ketolic 
side chains admittedly accounting for blue tetrazolium 
reduction, production ratios of fluorescent to UV-ab- 
scrbing steroids by adrenal glands, incubated in pres- 
ence or absence of ACTH, were observed to corres- 
pond to the previously recorded(14) blue tetrazolium 
reducing/UV-absorbing ratios under comparable con- 
ditions. 


However, 
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of either type of steroids, provides further evi- 
dence of their similarity with respect to fate 
and mode of action in the in vitro system. 
However, the increase, with time of contact, 
of the corticotrophic activation conferred to 
the glands by the extract, relatively to the 
standard, points to a difference. If the residual 
activation of the corticosteroidogenic process, 
which persists after withdrawal of ACTH 
from the medium, is related, as appears likely, 
to the amount of hormone already fixed or ad- 
sorbed by the incubated adrenals(17), this 
finding could be explained in terms of differ- 
ent rates of adsorption, by the glands, of 2 
distinct molecules of corticotropin. Such a 
difference would be masked by the negligible 
rate of ACTH inactivation observed in the 
in vitro system, but would have a definite 
bearing on relative potency of the 2 cortico- 
tropins under conditions of rapid inactivation 
or disappearance from the medium, such as 
those prevailing in vivo(18). Assuming iden- 
tical rates of inactivation or disappearance 
of the 2 molecules, under these conditions, 
their potency ratio would be conditioned, at 
least partly, by their respective rates of ad- 
sorption. There may lie the explanation for 
the divergent estimates of rat pituitary ACTH 
concentration yielded by im vivo and in vitro 
assays. 


Summary. Rat pituitary extract and U.S.P. 
Reference Standard Corticotropin were com- 
pared, in Saffran and Schally’s in vitro system, 
with respect to inactivation, corticoidogenic 
effects, and corticotrophic activation conferred 
to the incubated glands, as a result of a limited 
period of contact. The only difference noted 
pertained to the extent of this residual activa- 
tion. The relative potency of pituitary ex- 
tract to reference standard, determined on 
that basis, was observed to increase linearly 
with time of contact. This is ascribed to dif- 
ferent rates of adsorption, by the glands, of 
the 2 corticotropins. Taken in conjunction 
with the more rapid inactivation and disap- 
pearance of ACTH in vivo than in vitro, dif- 
ferential adsorption is suggested as the basis 
of the discrepancy in the estimates of rat 
pituitary ACTH concentration, yielded by in 
vivo and in vitro assays. 
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The author is indebted to Miss R. C. Wood for 
able technical assistance. 
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RICHARD B. PELTON AND ROGER J. WILLIAMS 
Clayton Foundation Biochemical Institute and Dept. of Chemistry, University of Texas, Austin 


The disparity between the life. span of 
worker and queen. bees suggested the possi- 
bility that pantothenic acid which is the most 
conspicuous. nutritional constituent of royal 
jelly(1,2) might have the effect of prolonging 
life in other.species. An additional suggestion 
came from the finding of Gardner(3) that this 
vitamin acts as an anti-ageing factor in droso- 
phila. ° 

Method. Thirty-four male and 40 female, 
C-57 black mice, age 4-5 weeks, were procured 
from the Jackson Memorial Laboratory. The 
mice were grouped with either 6 or 7 animals 
of the same sex in each cage. Thirteen male 
and 20 female mice were given supplementary 


pantothenic acid and 21 male and 20 female 
mice were used for the control group. All 
mice were fed Purina laboratory pellets 
throughout the experiment. It was desired 
to give each of the 33 mice in the experimental 
group a supplement of approximately 300 pg 
oi calcium pantothenate per day throughout 
the experiment. The vitamin was added to 
the drinking water and the amount added was 
based on the previous week’s water consump- 
tion, 7.e., if average daily water consumption 
for the group in one cage was 4 ml per mouse, 
calcium pantothenate was added in the 
amount of 75 ng/ml. If the consumption was 
5 ml then 60 yg of the vitamin were added 
per ml of water. The age of each mouse was 


TABLE I. Summary and Statistical Data for Mice Which Received Pantothenic Acid Supple- 
ment and Controls. 


oc 


Mice with pantothenic acid 


Mean life span in days————_——_, 


supplement Controls t test(4) U test(5) 
No. Days 8.D. No. Days 8.D. ee 12 
Both sexes 33 653.1 201 41 549.8 233 05 01 
Male mice 13 660.4 220 21 559.0 167 15 .04 
Female mice 20 648.4 187 20 540.2 285 18 05 


— 
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TABLE II. Analysis by Sex of Mice Given Pantothenie Acid Supplement and Control Mice. 


Mean life span in days 


No. é 
Mice with pantothenic 13 660.4 
acid supplement 
Controls 21 559.0 
Days difference treated & 101.4 
controls 
% difference treated & 18% 
controls 


Days differ- % differ- 
No. Q ence @ &Q ence ¢ & 9 
20 648.4 12.0 2 
20 540.2 18.8 3 
108.2 
20% 
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taken arbitrarily as 35 days at start of experi- 
ment. 

Results. The data obtained are given in 
Tables I and II. 

The above analysis (Table Il) shows that 
differences in life span, 2% and 3% between 
treated males and females and control males 
and females, respectively, are negligible. There 
was however, a difference of 18% in life span 
betwen treated and untreated males and a dif- 
ference of 20% between treated and untreated 
females, 


The mice were weighed at 2-week intervals 
for the first 6 months and at greater intervals 
for the following year (Fig. 1, vertical lines). 
Both male and female mice which received 
pantothenic acid supplement gained and main- 
tained slightly greater weight after about 
250 days than did control mice. It is specu- 
lative as to whether this greater weight should 
be interpreted as indicative of better general 
health or as a sign of prolonged pre-senile pe- 
riod. The results of this experiment seem suf- 
ficiently significant to suggest further work 
with other species. 


Summary. 1) Thirty-three young male and 
female C-57 black mice were given approxi- 
mately 300 pg of calcium pantothenate daily 
in drinking water. Forty-one control mice 
did not receive the vitamin supplement. 2) 
The mean life span for the mice given supple- 
mentary calcium pantothenate was 653.1 days 
and that for the control mice was 549.8 days. 
The statistical difference between the 2 groups 
16. P2==, 0.05. (CE test) 0.035 (Uetest)-- 3) ihe 
mice which received the vitamin supplement 
maintained slightly greater body weight after 
they were approximately 250 days old. 


i Pearson, 2 B,,burgins Cr Jas PROG, (SOG ~ Ex 
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2. Cheldelin, V. H., Williams, R. J., Univ. of Texas 
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3. Gardner, T. H., J. Gerontol., 1948, v3, 1. 

4..Student’s t-test. Statistical Methods for Re- 
search Workers. R. A. Fisher, Oliver and Boyd, Edin- 
burgh, 1948. 

5. The Mann-Whitney U Test. Nonparametric 
Statistics for Behavioral Sciences, Sidney Siegel, p. 116, 
McGraw-Hill Book Co., 1956. 


Received September 4, 1958. P.S.E.B.M., 1958, v99, 


634 


Lack of Normal Blood Pressure Rise in Growing Chicken Deprived of 


Choline in Early Life.* 


I. J. Licutont 


(24443) 


(Introduced by Louis N. Katz) 


Cardiovascular Dept., Medical Research Inst., Michael Reese Hospital, Chicago, Il. 


Experimental production of persisting ar- 
terial hypertension has not been accomplished 
in the chicken. In the present experiment the 
method of choline deprivation was adopted 
for this purpose. In the rat this method re- 
sults in arterial hypertension(1). 

Methods. One-day-old Hyline cockerels 
were fed a synthetic diet devoid of choline 
(Table I). Controls kept in the same brooder 
were fed a commercial chick starter mash 
(Kahn Bros.). After 5 weeks the choline- 
deprived chicks were transferred to starter 
mash. Later a group of these birds was sub- 
jected to another period of choline depriva- 
tion of 8 weeks, then put back on starter 
mash. Following the initial transfer of cho- 
line-deprived chicks to starter mash, they 
were weighed at approximately monthly inter- 
vals and arterial blood pressures determined 
by needle puncture of sciatic artery in unanes- 
thetized birds. Pressures were recorded with 
Sanborn transducer and recorder. Several 
choline-deprived and control chicks were 
killed at end of each day of blood pressure de- 
termination. Hearts, kidneys and testes were 
saved. Comb indices were computed by mul- 
tiplying greatest height times greatest length 
of comb in centimeters. 

Results. After 5 weeks on synthetic diet, 
the choline-deprived chicks were weak and 
underweight in comparison to mash-fed con- 
trols (145-300 g compared to 355-460 g for 
controls). They had badly swollen hock 
joints, suggesting chick perosis. When these 
chicks were transferred to starter mash, they 
recovered normal weight and appearance with- 
in 3 months. A second period of choline de- 
privation in some birds resulted in same signs 
within 8 weeks and was similarly followed by 
recovery when chicks were fed mash. Table 


* Presented in part before Am. Physicl. Soc., Apr. 
16, 1958. Supported by grant from Nat. Heart Inst. 
and by Michael Reese Research Fn. 

t Research Fellow, American Heart Assn. Present 
address: Dept. of Physiology, Stanford Univ, 


TABLE I. Composition of Choline-Deficient Diet. 


Drackett C-1 assay protein (Soy) 1412 g 
12 


Glycine 

D-L methionine 30 

Cerelose (glucose) 2232 

USP XIV salt mixture 214 

Mixed water soluble vitamins* 40 
A opi! is ti t 60 


* Two kg of this mixture contained, in g, the fol- 
lowing amounts of vitamins: thiamine 100, nico- 
tinie acid 100, riboflavin 16, calcium pantothenate 
20, vit B,. 0.02, pyridoxine HCl 6, biotin 0.6, folic 
acid 4, inositol 100, para-amino benzoic acid 2, as- 
corbie acid 250. 

+t Two kg of this mixture, in cottonseed oil, con- 
tained, in g: vit K 5, vit E (Ephynal acetate) 20, 
and in units, vit A 10,000,000 and vit D 600,000. 


II summarizes blood pressure findings. Cho- 
line-deprived chicks showed no increases in 
blood pressure through the seventh month 
after initial transfer to starter mash. 

Control chicks, on the other hand, showed 
rises in blood pressure after the third month. 
Testes of choline-deprived chicks, autopsied 
6 months after transfer to mash weighed only 
one-fourth as much as those of control chicks 
(Table III). Testicular function, as meas- 
ured by comb size, was also depressed. By 
comparison, kidney weights were the same 
or higher than in control birds. Microscopic 
examination of kidneys from several choline- 
deprived birds at various times following 
transfer to mash diet, revealed presence of 
partly hyalinized glomeruli and of tubules 
and collecting ducts which had undergone 
cloudy swelling, vacuolization, and desquama- 
tion of epithelial linings. Changes found in 
kidneys did not appear to be useful in ex- 
plaining the blood pressure findings. 

Discussion. The present data demonstrate 
that cockerels deprived of choline early in 
life do not become hypertensive when subse- 
quently fed a diet adequate in choline, but 
instead remain normotensive and do not show 
the usual rise in blood pressure with age(2). 
Depressed growth of testes and combs indi- 
cates that either lack of androgens or pitui- 
tary gonadotrophins is responsible for this 
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TABLE I. Mean Blood Pressure in Choline-Deprived Cockerels (mm Hg). 


Months after end of initial choline-deficient period 


0 1 2 


Controls 138 + 5.7* 141+ 3.8 


(7)t (5) 


Choline-def. 157 + 4.6 149+43 152+ 3.7 
‘ (7) (5) (5) 
Repeat cho- 
line-def. 


3 4 6 7 
139+ 5.1 150+7.1 168+ 5.7 173+ 6.4 
(5) (5) (11) (6) 
150+6.5 144448 1474105 157+ 8.8 
(5) (5) (8) (7) 
146+3.8 1383+5.8 130+ 5.9 
(5) (5) (4) 


* Mean + S.E. 


t No. in parentheses refer to No. of determinations, one determination/bird each month, 


phenomenon. Male chicks and capons, but 
not females, are said to show increases in 
blood pressure with age after puberty, and 
this increased pressure in adult males and 
capons(3) is reduced by suppression of pitui- 
tary gonadotrophin secretion by estrogens or 
drugs(3). These findings indicate that pitui- 
tary gonadotrophins rather than androgens 


TABLE III. Chick Kidney and Testis Weights at 
6 Months after End of Initial Choline-Deficient 


Period. 
Wt of testes, Comb Wt of kidneys, 
g/100 g index, g/100 g 
body wt CM? body wt 
Controls 38 + .10* 128+ 8.3 8D + .07 
(5)t (6) (5) 
Repeat cho- .10+ .01 84+ 8.9 1.06+ .08 


line-def. (4) (4) (4) 
t No. of birds. 


* Mean + S.E. 


are required for normal rise in blood pressure 
with age. 

Summary. It is concluded that in the pres- 
ent experiments lack of rise in blood pressure 
with age in choline-deprived chicks was due 
directly to suppression of pituitary gonadotro- 
phins secretion caused by lack of choline in 
early weeks of life, and not to consequent lack 
of androgens. 


The author wishes to express his thanks to Mr. 
Anthony Ellis for technical assistance. 
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Parasitic Philornis Flies as Possible Sources of Arbor Virus Infections 


(Diptera, Anthomyidae).* 


(24444) 


Tuomas H. G. AITKEN, WILBUR G. Downs AND CHARLES R. ANDERSON 
(Introduced by Jordi Casals) 
Trinidad Regional Virus Laboratory, Port-of-Spain, Trindad, B. W. I. 


In the course of a nestling bird bleeding 
program conducted in Trinidad as part of a 
general study of arthropod-borne (ARBOR) 
viruses, it has been observed that many nest- 
lings are infected with immature fly parasites. 
Some of the early reared material was sent to 


* Studies and observations upon which this paper 
is based were conducted in the Trinidad Regicnal 
Virus Lab. with the support and under auspices of 
Government of Trinidad and Tobago, Colonial De- 
velopment and Welfare Scheme, and Rockefeller Fn. 


Dr. Curtis Sabrosky at U. S. National Mu- 
seum in Washington, D. C., who identified 
the flies as belonging to genus Philornis Mac- 
quart in the family Anthomyidae. They are 
thus biologically similar to North American 
bird parasites of the genus 4 paulina Hall and 
Protocalliphora Hough of the Old World, 
family Calliphoridae(1). Continuing obser- 
vations soon made it evident that we were 
dealing with several species of Philornis and 
that various degrees of parasitism were in- 
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volved (including subcutaneous and external 
parasitism). All early material was reared 
out for identification and is being studied by 
Dr. H. R. Dodge, who is revising the genus. 
Now we are also becoming interested in the 
potentialities of Philornis as possible virus 
carriers, and are experimenting with much of 
the material presently being obtained. The 
purpose of this note is to record certain pre- 
liminary observations made along these lines. 


On 16 July, 1957, a communal nest 
of anis (Crotophaga ani) was seen at 
Vega de Oropouche in- which 4 of the 6 nest- 
lings were infested with several Philornis 
larvae (designated by us “species F”). These 
were external parasites feeding on host by 
rasping the skin with oral hooks and ingesting 
the oozing serous fluid and blood. The same 
day in the laboratory, the birds were inocu- 
lated intramuscularly with 0.1 ml of a 10+ 
dilution (868 MLD; ) of St. Louis virus 
(TRVL 9404 strain, pool #3). One Philornis 
larva which was placed on bird #882 20 July 
(fourth postinoculation day) and allowed to 
feed overnight, dropped the following morn- 
ing and was ground up and inoculated into a 
group of 6 adult mice 0.03 ml ic. A 2/6 
mortality ratio resulted, with deaths on days 
6 and 7. The agent was isolated in further 
passage and confirmed as St. Louis virus in a 
specificity test using a known St. Louis im- 
mune serum. Circulating virus was demon- 
strated in the host bird on 21 July (fifth post- 
inoculation day), when there was a titer of 
10*%-°. A specificity test confirmed its iden- 
tity with St. Louis virus. 

On 18 March, 1958, 22 larvae of 
Philornis “species G” were expressed from 
under the skin of 2 week-old nestling doves 
(Leptoptila sp.) taken at Fishing Pond. In 
contrast to the previous fly, species “G” is a 
subcutaneous parasite. The same day 12 of 
these larvae were inoculated by glass capil- 
lary pipette, each with an estimated 0.002 ml 
of a 10° dilution of Tlhéus virus (TRVL 
10507 strain, pool #5). This pool titered 
10%! in a 0.03 ml intracerebral inoculation 
of adult mice; calculation of virus titers was 
made by the method of Reed and Muench(2). 
The calculated inoculum is 96 MLD; . All 
larvae pupated during the next 2 days. The 
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first adult (female) emerged 28 March after 
10 days of pupation (it was also the tenth 
postinoculation day). This adult (specimen 
#9) and one pupa (#8) were ground individu- 
ally in 1 ml of bovalbumin diluent fortified 
with antibiotics, centrifuged at 8,000 rpm for 
10 minutes and inoculated into 2 groups of 6 
adult mice 0.03 ml i.c. The following day 7 
more adults emerged and were treated simi- 
larly. The remaining 3 pupae failed to sur- 
vive. 

Of the 8 adult flies and one pupa tested, 2 
flies (#9 and #11) were positive for virus; a 
specificity test confirmed it to be Ilhéus. As 
indicated above, these flies incubated the 
virus for 10 and 11 days before being tested. 
Virus from fly #9 titered 10-°-'° and that from 
fly #11 titered 1071:7°. When these figures are 
adjusted for amount of diluent to give a figure 
for total virus content/fly, we find that the 
amount of virus recovered from fly #9 was 
about 4,750,000 MLD;».; and from fly #11 
about 1,900 MLDso;. Since the original 
inoculum going into the larvae contained ap- 
proximately 96 MLD; .;, evidence of multi- 
plication of virus was obtained in both flies. 
The reason for the low percentage of infected 
flies is not known, but it may be that the 
capillary needle became plugged. 

A third experiment was initiated 24 April, 
1958, when a large number of larvae of Phil- 
ornis “species A” were taken from the nest 
hole of a jacamar, Galbula ruficauda, at Vega 
de Oropouche. This appears to be a copro- 
philous species of Philornis in that the larvae 
feed on bird excrement. Fifty of these larvae 
were inoculated the same day by glass capil- 
lary pipette with a 10° dilution of St. Louis 
virus (TRVL 13375 strain, pool #2) which 
titered 10° in baby mice (intracerebral 
inoculum of 0.02 ml).. The larval inoculum 
of 0.002 ml is estimated to contain approxi- 
mately 4 MLDs5p of virus. All larvae pupated 
within the next 2 days and adults appeared 
9-10 days after pupation, at which time they 
were stored at —60°C. 

Eight adults were subsequently tested for 
virus. Each was ground individually in 1 ml 
of diluent (called 107), centrifuged for % 
hour and inoculated into baby mice. Six of 
the flies proved to harbor virus which killed 
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all the mice in their respective groups. Sub- 
sequently a specificity test confirmed the virus 
to be St. Louis. Titrations were made of 5 
flies, and titers of 10°, 10°", 10°75, 1038 
and <10+** were obtained. This indicates 
virus quantities ranging from 3,300 to >650,- 
000 MLD35p» per fly. 

Discussion. The role that Philornis flies 
may play in the epidemiology of certain 
arthropod-borne viruses, such as St. Louis or 
Ilhéus, is not known. The evidence presented 
indicates that flies may become infected as 
larvae and remain infected on reaching the 
adult state 10 days later. Inasmuch as the 
adult fly is not a bloodsucker and a single fly 
generation is associated with only one nest, 
some other means must exist for insuring 
virus survival. Possibly susceptible birds be- 
come infected through eating infected flies, or 
the virus may be transmitted through the fly’s 
egg to its progeny. At the moment these pos- 
sibilities are still unknowns. Thus far, no 
naturally infected Philornis have been en- 
countered. 
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Summary. Fly parasites of the genus 
Philornis (Anthomyidae) attacking nestling 
birds have been shown capable of becoming 
infected with St. Louis and Ihéus viruses. 
In one instance, a larva was found positive 
for St. Louis virus after feeding on a nestling 
ani that was circulating this virus. In a sec- 
ond case, 2 of 9 adult flies became infected 
with Ilhéus virus after they had been inocu- 
lated as larvae 10 and 11 days previously. 
Similarly, 6 of 8 adult flies proved positive 
for St. Louis virus after being inoculated 10 
days previously as larvae. 


We are grateful for the advice of Dr. Richard M. 
Taylor who suggested the inoculation of Philornis 
larvae. 


1. Hall, D. G., The Blowflies of North America, 
The Thomas Say Fn., 1948, 477pp. 

2. Reed, L. J.. Muench, H., Am. J. Hyg., 1938, v27, 
493. 
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Effect of Autonomic Blocking Agents on Depot Fat Mobilization in Normal 
and Adrenalectomized Animals.* (24445) 


ALAN C. LrEvyt AND EsTELLE R. RAMEY 


(Introduced by J. C. Rose) 


Dept of Physiology, Georgetown University School of Medicine, Washington, D. C. 


Hausberger(1) showed that the functional 
activity of fat cells was regulated by an abun- 
dant nerve supply, not only to blood vessels, 
but to parenchymal cells as well. Trophic 
influence of the autonomic nervous system on 
fat tissue has since been demonstrated by sev- 
eral other investigators(2-4). Wool et al.(5) 
using liver fat as index of fat mobilization in 
normal and adrenal demedullated animals, 
were able to reduce degree of fat accumulation 


* Supported in part by Grant from NIAMD, NIH, 
Bethesda. 

+ In partial fulfillment of requirements for degree 
of Doctor of Philosophy, Graduate School, George- 
town University. Predoctoral fellow of Nat. Inst. of 
Neurological Diseases, U. S. P. H. S. 

Present address: Dept. of Physiology, Howard Uni- 
versity, Washington, D.C. 


in liver by pretreatment with ergotamine tar- 
trate. Since the level of liver lipids is a re- 
sultant of many processes and does not neces- 
sarily mirror depot fat activity, we investi- 
gated the rate of fat mobilization from a peri- 
pheral depot after treatment with various au- 
tonomic blocking agents. The fat depot used 
was the epididymal fat body of the rat. Our 
results indicate that certain sympathetic sys- 
tem blocking agents do alter the rat’s ability 
to move fat rapidly from this depot during a 
fast. To demonstrate this, it was necessary to 
remove the adrenal glands prior to administra- 
tion of the blocking drugs. 

Methods. Male Sprague-Dawley rats 
weighing 90-110 g were used. In larger ani- 
mals, the bilateral symmetry of the epididy- 
mal fat body disappears. Animals were used 
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TABLE I. Effect of Autonomic Blocking Agents on Depot Fat Mobilization (12 Hr Fast). 
i ———— Mobilization ——~ 
Depot wt, mg mg/100 mg 
No. of initial depot 
Procedure animals Initial Final mg wt 
Intact aS 
Saline 17 89.8 + 5.6t 79.0 + 5.5 +10.8+2.2 +13.0+2.4 
Dibenzyline (.2 mg) * 10 Wiehe Oho) teffolh amie) +106+41.7 +11.2 + 2.0 
Hexamethonium chloride 1 Sera) aus 0) ABI) cree fail +7614 + 95+1.6 
(1.25 mg ion) * 
Ergotamine tartrate (.6mg)* 15 oot 2.1 87:0 2.4 +10.5+2.4 +113 + 2.3 
Idem (.25 mg) + Dibenzyl- 10 94.3481 83.2+7.9 +11.1+2.0 +14.9+ 2.8 
ine (.1 mg)* 
Sham adrenalectomy 
Saline 16 Til Ot 408 | 6919 oa + t+1.6 = 2.5 32258 
Dibenzyline 8 64.542.6 66.9 + 4.3 —24+26 — 3.1+4.0 
Hexamethonium chloride 9 76.9+5.6 77.4 + 5.7 — 5+29 — 9+3.5 
Ergotamine tartrate 9 61.3+6.7 604+6.5 + Ot 3.1 + 1.5 + 4.6 
Idem + Dibenzyline 7 57.6445 53.7 + 4.5 + 39+16 + 7.0+2.8 
Adrenalectomy 
Saline 30 Bho ae ell PAB i ae 18. +10.2+ 9 +26.3 + 2.2 
Dibenzyline 10 61.9+7.0 462+ 5.8 +15.7 + 2.0 +25.8 + 2.0 
Hexamethonium chloride 14 45.34.77 34.3 + 3.2 4+11.0+3.7 +22.6+ 3.7 
Ergotamine tartrate 14 51.7+4.4 526+ 4.5 — 92+2.3 —19+ 4.2 
Idem + Dibenzyline 8 53.4448 49.2 + 5.1 + 424 .8 + 85+ 2.0 
* Per 100 g body wt. i) ae Syl0p + = Mobilization of fat. — = Deposition of fat. 


as their own controls. The first epididymal 
fat body was removed at onset of fasting and 
the second at end of this period. The fat pad 
was removed under ether anesthesia by or- 
chiectomy through a lateral scrotal incision. 
A fat-free area of the spermatic cord was iden- 
tified and ligated. The testis with its fat pad 
was excised. Fat was then dissected from its 
attachment to the epididymis and testis. To- 
tal lipids were extracted and weighed accord- 
ing to Bloor’s method(6). The difference be- 
tween amount of extractable lipid in each de- 
pot before and after a 12-hour fast, was used 
as index of peripheral fat mobilization. Bi- 
lateral adrenalectomies were performed under 
ether anesthesia and these animals were main- 
tained on Purina Rat Chow and 0.9% saline 
ad lib. Adrenalectomized animals were 
studied on seventh post-operative day. Sham 
operations were performed in a similar fash- 
ion. Ergotamine tartrate was administered in 
a dose of 0.5 mg/100 g body weight at start 
of 12-hour fast. Dibenzyline, 0.2 mg/100 g 
body weight was injected at beginning of the 
fasting period and again after 6 hours of fast. 
Hexamethonium chloride was given at a dose 
of 1.25 mg ion/100 g body weight at start of 
fasting period. 0.25 mg ergotamine tartrate 
plus 0.1 mg Dibenzyline/100 g body weight 


was injected at start of 12-hour fast. All 
doses were given subcutaneously. 

Results. In intact animals, the autonomic 
blocking agents used were ineffective in alter- 
ing normal rate of fat movement out of the 
epididymal depot during a 12-hour fast (Table 
1 

Sham adrenalectomized animals, with no 
previous blocking drug treatment, showed an 
almost complete inhibition of fat movement 
out of the epididymal depot during the short 
12-hour fast. This difference from intact con- 
trols may have been due to release of adrenal 
steroids resulting from operative procedure. 
The autonomic blocking agents had no further 
effect on this phenomenon (Table I). 

Adrenalectomized animals had been shown 
previously to mobilize relatively more fat 
from the epididymal depot during a fast than 
do normal animals(7). Administration of er- 
gotamine tartrate produced a marked inhibi- 
tion of fat movement out of this depot (Table 
I). The other blocking agents listed above 
had no significant effect on this process. When 
half the dose of ergotamine was used together 
with half the dose of the inactive Dibenzyline, 
only partial inhibition of fat mobilization was 
observed (Table I). 

Discussion. Regulation of fat mobilization 
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during a fast requires that some signal reaches 
the fat cell and produces conditions for either 
a diminution of fat deposition or an augmen- 
tation of fat movement out of the cell. This 
signal could be a blood borne humoral factor 
such as glucose, or certain fat moieties them- 
selves together with hormones from various 
sources. There is evidence to support such an 
hypothesis but this does not seem to be the 
entire controlling mechanism that matches 
food intake to depot fat turnover. There are 
many suggestions in the literature that the 
nervous system and the epinephrines play a 
role in this phenomenon(1-4,8). There is fur- 
ther evidence that the adrenal steroids play 
a “permissive” role for certain functions of 
the sympathetic nervous system and its neuro- 
humors(9). In experiments described above, 
a variety of autonomic blocking agents was 
used in an attempt to interfere with the pos- 
sible neural patterns governing fat cell be- 
havior. 

There are many gaps in our knowledge of 
the mode and site of action of these drugs. Of 
those used, ergotamine tartrate is known to be 
the most potent inhibitor of the glycogenolytic 
effects of epinephrine. Dibenzyline and hexa- 
methonium chloride apparently have little 
metabolic activity in this regard. It is of in- 
terest, therefore, that only ergotamine tartrate 
was effective in blocking the movement of fat 
out of the epididymal depot during a fast. 
This effect, however, could only be demon- 
strated in the adrenalectomized animal. A 
possible explanation for this may lie in the 
relationship between adrenal steroids and 
epinephrines. In the absence of steroids, 
small amounts of epinephrines do not exhibit 
the same potency as regards several physiolo- 
gic responses(9). At the highest dose level 
of ergotamine tartrate used in these experi- 
ments, the presence of relatively large amounts 
of steroids might have overridden the blocking 
effect. When half the dose of ergotamine tar- 
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trate was used, a lesser degree of inhibition 
occurred even in the adrenalectomized ani- 
mals. 

Accumulation of fat in the liver due to the 
insult of ethionine administration appears to 
respond somewhat differently from peripheral 
depot fat metabolism with regard to blockade 
with ergotamine(5). Even in animals with 
intact adrenals, this blocking drug inhibited 
development of a fatty liver. It is at the liver 
site also that ergotamine had its most marked 
effect on glycogenolysis due to epinephrine. 
Our data suggest that the extra-hepatic ef- 
fects of ergotamine on fat metabolism are 
masked by the presence of cortical steroids. 

Summary.  Ergotamine tartrate  signifi- 
cantly inhibited movement of fat out of the 
epididymal fat body in adrenalectomized ani- 
mals during a 12 hour fast. This effect was 
not observed in intact animals under similar 
circumstances. Neither hexamethonium chlor- 
ide nor Dibenzyline affected fat mobilization 
in either intact or adrenalectomized animals. 
It is suggested that the adrenal steroids and 
the epinephrines may act together to regulate 
fat cell metabolism. 
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Fractionation of Sera from Guinea Pigs at Different Stages of 


Brucella abortus Infection.* 


(24446) 


ENCARNITA CoNpDE, A. PoMALES-LEBRON AND Marta CANCIO 
Dept of Microbiology, University of P. R. School of Medicine and San Patricio U. S. Vet. Admin. 
Hospital, San Juan, P. R. 


Previous work showed that guinea pigs in- 
fected with Brucella abortus could not be re- 
infected while living organisms of the original 
infection were demonstrable in the tissues, 
then resistance waned until animals regained 
susceptibility(1). Subsequent investigations 
demonstrated that mononuclear phagocytic 
cells and humoral factors played an important 
role in resistance(2). Qualitative and quan- 
titative alterations in serum protein com- 
ponents as a result of other infections have 
been demonstrated(3,4,5). Results obtained 
by electrophoretic fractionation of serum pro- 
tein components during the course of xperi- 
mental brucella infection are here reported. 

Materials and methods. Male guinea pigs 
weighing 400 to 500 g and kept on diet of Pur- 
ina rabbit feed, green grass and water were 
inoculated subcutaneously with 3 x 10° Bru- 
cella abortus organisms (strain SAS). Infec- 
tion was allowed to progress 4, 1, 2, 3, 4, 5, 
8, 10 and 12 months. Animals were bled at 
end of each period and serum separated after 
overnight refrigeration. Total protein deter- 
minations were made by modification of 
Kingsley’s method(6). Sera were fraction- 
ated at room temperature for 16 hrs at 5 mil- 
liamperes in Spinco Model R—Series D paper 
electrophoresis cell with Whatman 3 mm fil- 
ter paper strips and barbital buffer pH 8.6, 
ionic strength 0.075. Strips were dried and 
stained by Durrum’s method(7). Stained 
strips were scanned, ionograms plotted and 
areas under curves integrated with Spinco 
Analytrol. 

Results. Five fractions appeared as shown 
in Fig. 1: Albumin, and alpha-1, alpha-2, beta 
and gamma globulins. All fractions, except 
gamma globulin, migrated towards the anode. 
Fifteen days after inoculation infection was 
well established as shown by abundant growth 
of brucella from the spleen, and positive ag- 


- * These studies have been supported by USPHS 
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glutination titers of 1:50 to 1:100. At this 
stage of infection the electrophoretic pattern 
was the same for infected animals and unin- 
fected controls (Fig. A). Guinea pigs in- 
fected for 1 and 2 months gave agglutinin 
titers of 1:200 and 1:400 respectively but 
again the electrophoretic patterns were not 
significantly different from the normal. Three 
to 4 months after infection, however, marked 
differences between uninfected controls and 
infected animals were evident (Fig. 1). 
Average agglutinin titer at this stage of in- 
fection was 1:1,600 and overall changes in the 
electrophoretic pattern may be attributable to 
an increase in gamma globulin. Five to 8 
months after infection the average agglutinin 
titer was 1:800 and a decrease in the gamma 
globulin concentration was evident. Twelve 
months after infection the electrophoretic pat- 
tern closely approximated that of the unin- 
fected controls and the agglutinin titer ranged 
from 1:160 to 1:400. 

Quantitative data in terms of percentage 
composition and their conversion to concen- 
tration of protein components in terms of 
mg/ml offered a better evaluation of the 
changes observed during infection (Table I). 
Total protein in controls remained fairly con- 
stant throughout the experiment, averaging 
62 mg/ml and relative concentration of all 
components exhibited little variation. In in- 
fected animals total protein increased from 61 
mg/ml at 15 days to a high of 66 mg/ml at 
3 months, then decreased to 56 mg/ml at 12 
months. Gamma globulin concentration in- 
creased approximately 50% 3 to 4 months 
after infection, as compared to uninfected con- 
trols, and then returned to low levels. Albumin 
concentration fell from 23 mg/ml 15 days after 
infection to 16 mg/ml at 4 months. This de- 
crease coincided with an increase of gamma 
globulin. At the end of 12 months albumin 
concentration was 17 mg/ml while no gamma 
globulin increase was apparent. 


This latter is 
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FRACTIONATION OF BRUCELLA IMMUNE SERUM 641 


FIG. 1. Elecrophoretice patterns of sera of uninfected and infected guinea pigs during different 
stages of experimental Br. abortus infection. Arrows indicate origin. 


effect may be due to decrease in the total pro- bumin seems a characteristic serum alteration 
tein in infected animals at this stage of in- in many diseases. The fall in serum albumin 
fection. has been thought to follow serum globulin in- 

Increase in globulin with a decrease in al- crease and to depend upon a regulatory 


TABLE I. Average Concentration and Percentage of Serum Protein Components in Infected 
and Uninfected Guinea Pig Sera. 


Components 
Duration Albumin a-1 a-2 B OY Total 
of infec- No. of protein, 
tion, mo animals Cone. % Cone. % Cone. % Cone. % Cone. % mg/ml 
1% IN t 23 «38 3 4 Siero.) 8 14 14 28 61 
UN 4 23 «37 3 6 13° 21 10 16 2 20 61 
dh) Rs ome 23 «36 3 5 Ip 21 9 15 14 23 62 
UN 5 24 39 3 6 14 23 ie — als 12 20 60 
2 IN 4 21 34 4 6 13 «21 LO LG 14 2 62 
UN 4 23 «37 5 8 16 25 ye al py ally, 63 
3° - IN 8 18S 27 5 9 13° 19 LOM UB 20 30 66 
UN 4 23 «37 4 6 15 24 LO LG Wak lye 63 
4 IN 5 16 26 4 6 8 6 i) 26 8641 63 
UN 4 22 «37 2 3 15 26 SB 18 eo SpE 60 
oe LN, 5 19 «31 7 ill 12 #619 9 14 15 25 62 
UN 4 Zoe ear 3 4 16 25 8 13 13 «21 63 
Se. LN 4 19 30 | i 15 24 10 «16 14 23 62 
UN 4 23 = 36 4 7 14 22 LOMea6 ee aly) 63 
Om LN + 22 35 3 5 14 22 fete a 15 25 62 
UN 3 22 8636 4 6 ee Les ie) saily/ 14 23 61 
Le | By 4 Li OO) sp ata 12a SP ab 13-23 56 
UN 3 21 35 4 7 14 23 9 1d 12 20 61 


Stand. dev. for protein components from uninfected sera is 0.9 to 1. 
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mechanism to keep osmotic pressure within 
certain limits(8). The rise in globulin has 
been attributed to (a) antibody formation, 
(b) alteration of relative rates of production 
and utilization of albumin and globulin, and 
(c) traumatic shock(8,9,10). Alpha-1 and 
alpha-2 globulin concentration did not vary 
more than 3-4 mg/ml throughout the experi- 
ment. Changes in concentration for both alpha- 
globulins occurred within the 4-5 month in- 
fection period (Table I). The beta-globulin 
fraction exhibited very little change. Lack of 
variation in this fraction at 3-4 months, when 
significant alterations were taking place, could 
be due to the fact that as the gamma-globulin 
rose in concentration it tended to mask the 
increase, if any, of the beta-fraction in elec- 
trophoretic patterns. 

Summary and conclusions. 1. New serum 
components were not detected in infected ani- 
mals. 2. Significant increases in gamma- 
globulin fraction were observed during 3-4 
month infection period. 3. The rise observed 
in gamma-globulin coincided with highest ag- 


glutinin titers in sera of infected animals dur- 
ing 12 months experimental period. 4. Ab- 
sorption studies are being carried out in an 
effort to determine if the gamma-globulin rise 
is due mainly to antibody formation. 
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Influence of Urine Volume on Output of Corticoids by Normal Human 


Subjects.* 


(24447) 
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It has been noticed that the output of adre- 
nal cortical steroids appeared to be dependent 
upon urine volume. This does not imply that 
the cortex was activated by changes in water 
balance, but rather that alteration in filtra- 
tion and/or reabsorption in the kidney with 
urine flow influenced steroid output. Lloyd 
(1) has presented data to demonstrate this 
relationship in Addisonian and normal pa- 
tients. Marks and Leaf(2), Kalant(3) and 
Lazo-Wasem et al.(4) have confirmed the re- 
sults in dog, rat, and guinea pig. This is a 
report of the influence of urine volume on 
urinary steroid output in normal subjects 
under various conditions of salt and water 


* This research was supported by a grant from 
Nat. Inst. of Health, Nat. Cancer Inst. 


load. As a corollary, renal clearances of ster- 
oids were also determined. 

Methods. Our tests were performed on 24 
normal medical students. Three different pro- 
cedures were adopted to provide short and 
long term evaluation of the problem. 1. Long 
term study (day by day). Students on a rela- 
tively constant diet and in good health, col- 
lected 24 hour urine specimens kept in the 
cold and preserved with small amount of gla- 
cial acetic acid. The subjects voluntarily 
restricted water to a minimum, or drank water 
to excess, or maintained a normal water in- 
take throughout the 24 hours. In another 
series of tests the subjects took 40 mg of 
hydrocortisone/day in a divided dose while 
controlling water intake. Each sample was 
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TABLE I. Excretion of Total Corticoids in 24- 

Hour Urine Sample in Relation to Volume of Urine 

With and without Added Cortisone. A recovery 

period of 10 days occurred between each phase of 
the tests. 


: Steroid 
Condition of No.of Urine vol, excreted, 
subject tests ml/day mg/day 
Water deprivation 5 77a = §80* 8.1 1,2* 
Water intake: 
Normal 8 1270 +- 130 9.324 2.4 
High 9 2430 + 360 12.7 + 2.2 
Intake (40 mg 
cortisone) : 
Low 3 750 +210 14.0 + 2.8 
Normal 3 1400 + 360 34.0 + 4.6 
High 3 2130+ 93 45.0+1.2 


* Stand. dev. 


assayed for corticoids by the method of 
Reddy as modified by Brown(5). The meth- 
od determines conjugated and free 17-hy- 
droxycorticoids which represent about 85% 
of the daily adrenal output. 2. Short term 
study. Control levels of urinary steroids were 
determined after which each man rapidly 
drank 1 1 of 1.4% NaCl, 0.9% NaCl, 0.54% 
NaCl, or tap water. Urine samples were col- 
lected at successive 20-minute intervals for 
the following 2 hours. Other subjects were 
given water to drink and after excretion of 
water reached high levels (about 40 minutes) 
2 units of ADH (Pitressin, Parke-Davis) 
were given in the muscle. Urine samples were 
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collected at 20-minute intervals. All samples 
were analyzed for steroid as outlined above. 
3. Renal clearances of corticoids. Urine was 
collected over a 30-minute period in well hy- 
drated subjects with good urine flow rates. 
Heparinized blood samples were taken at mid- 
point of each period. Urine and plasma were 
extracted with chloroform to obtain ‘free’ 
steroids and with butanol to obtain ‘“bound”’t 
corticoids. The method of Reddy(7) was 
used to precipitate proteins in plasma before 
extraction. Duplicate portions of plasma and 
urine samples were analyzed for creatinine to 
determine the glomerular filtration rate 
(GFR). The method of Hare(6) was used 
to obtain preformed creatinine and standard 
picric acid method was utilized for color de- 
velopment. 

Results. Definite correlation was found be- 
tween urine volumes and adrenal corticcal 
steroid output in urine (Table I). Although 
differences in steroid excretion between low 
and normal water intake and between normal 
and high water intake were not significant, the 
trend was obvious and the difference between 
low and high water intake figures were highly 
significant. 

A similar relationship could be shown 
(Table II) on a short time basis. An increase 
in urine output resulted in increased adrenal 
steroid output in urine regardless of salt in- 
take. In those cases in which the change in 


TABLE IT. Relationship between Urine Volume and Steroid Output in Normal Subjects Drink- 


ing One Liter of Indicated Solution. 


Water excretion expressed as ml/20 min. period and 


steroid as yg/20 min. period. Each value represents average of 5 subjects. 


Water 54% NaCl 90% NaCl 1.40% NaCl Water & ADH 
Urine Steroid Urine Steroid Urine Steroid Urine Steroid Urine Steroid 
Period vol output vol output vol output vol output vol output 
7 ae ie 9a 23° «118 91 109 12 128 
All fluids taken after first control period 
2 70 168 3 236 dd O7 44 106 34 146 
3 198 186 54 291 46 75 24 127 106 302 
ADH given 
4 164 180 19 196 3 83 18 124 32 95 
5 66 143 13 152 21 78 19 114 10 81 
6 18 88 15 160 20 52 14 100 13 119 


* Bach successive period is consecutive 20 min. period with no time delay between periods. 


+In urine the steroid is “bound” largely to giu- 
curonide and may be liberated by enzymatic hydro- 
lysis. The exact binding in plasma is not clear but 
presumably may be to protein as well as to glu- 
curonide. 


URINE VOLUME AND STEROID OUTPUT 


TABLE III, Plasma and Urinary Levels of Conjugated and Free Steroids and Clearances of 
These Fractions in Normal Subjects. Urine collections were made over 30 min, periods with 
blood samples at the mid-point. Clearances are expressed in the usual way: UV/2=C: 


Croatia ———F ree steroid. sa Pers Conjugated steroid——_, 
clearance, Urine, Plasma, Clearance, Urine, Plasma, Clearance, 
Subject ml/min. ug/ml ug/% mi/min. pg/ml = ug /% ml/min. 
APR 92 AP 118 OL 7.5 168 4.78 
HRB 71 Be 46 el 10.8 118 5.18 
82 1.0 46 1.8 9.5 110 7.00 
EWH 80 ol 30 1.5 1.56 64 1.6 
83 1.6 100 1.9 2.8 160 aril 
EBHE 86 2 23 1.2 3.8 65 6.1 
HHE* 96 6.3 350 9.8 
GHR 82 4.8 118 4.70 
AVA 77 8.6 288 4.10 


* 15 min. after infusion of 50 mg hydrocortisone. 


urine output was not so marked as with 
0.54% NaCl, changes in steroid excretion 
were also not marked. The greatest change 
was in subjects given ADH. Large water 
volumes and corticoid excretions were ob- 
tained upon hydration. When ADH was ad- 
ministered, a sudden drop in excretion of 
both corticosteroids and water occurred with- 
in a 20-minute period. It would be impossi- 
ble to state whether any alteration in corticoid 
excretion per se is due to ADH acting directly 
on the adrenal gland rather than the kidney. 
Some workers have suggested that ADH may 
activate the adrenal, but this possibility would 
appear unlikely for all urine samples were 
analyzed for sodium with the flame photome- 
ter and total excretion per period did not 
show significant variations. 

As a corollary of the corticoid excretion 
studies reported above, renal clearances were 
determined in normal subjects. Clearance of 
creatinine was used to measure glomerular 
filtration rate. Excretions of adrenal steroids 
in urine were similar to those reported in 
Table Il; plasma level of “bound” corticoids 
averaged 58 to 128 ng % and “free” steroid 
averaged 13 to 46 wg %. The plasma ratio 
of free/bound corticoids was about 1:4. 
These values are similar to those reported by 
Reddy(7). Urinary ratios have been previ- 
ously reported by Brown(5). Renal clearance 
data are presented in Table III. The clear- 
ances were very consistent with clearance of 
“bound steroid” higher in all cases (averaging 
about 4 ml/min.). These values indicate a 
greater reabsorption of the free molecule and 


a greater excretion of the bound form which 
would be predicted. Both forms must be re- 
absorbed to a considerable extent. The usual 
ratio of free/bound corticoids in urine is 
about 1:8, which confirms the greater excre- 
tion of the bound form. With a high degree 
of reabsorption by the kidney tubule, it is 
not surprising that great variation in urine 
flows would produce variation in amount re- 
absorbed and therefore in excretion of ster- 
oids. 

These data indicate that there is a consid- 
erable influence of urine volume upon excre- 
tion of steroid, and point up the fact that this 
must be taken into account in evaluation of 
the steroid output in patients with great vari- 
ation in urine volume. 

Summary. The influence of urine volume 
upon excretion of corticoids has been deter- 
mined in normal human subjects. There was 
a direct correlation with increases in urine 
volume resulting in an increase in steroid out- 
put whether measurement was made on a long 
time basis (day by day), or a short time basis 
(minute by minute). Subjects tested under 
waterloads and salt loads and with ADH also 
demonstrated the same positive correlation. 
As a corollary, clearances of steroids were 
measured and found to be about 1 ml/min. 
for free corticoids and about 4 ml/min. for 
bound steroids. 
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Partial Purification and Properties of Lupus Erythematosus Cell Promoting 


Factor. 


(24448) 


ROBERT F. WILLKENS,* MARILYN DRESCHLER AND DANIEL L. LARSON 
Depi. of Medicine, Columbia University College of Physicians and Surgeons, and Edward Daniels 
Faulkner Arthritis Clinic, Presbyterian Hospital, New York City 


Patients with disseminated lupus erythe- 
matosus (DLE) have a substance in their se- 
rum which is thought responsible for forma- 
tion of the characteristic “lupus erythema- 
tosus cells.” Previous attempts at isolation 
of this substance have indicated that it is as- 
sociated with the gamma globulin fraction 
(1). A useful method for chromatographic 
fractionation of proteins using cellulose ex- 
changers has recently been developed(2). The 
technic is carried out under conditions which 
favor preservation of the structure and biolo- 
gic activity of the proteins recovered in the 
fractions. The wide range of applicability of 
this method is reflected in the reports appear- 
ing in the literature(3). A previously re- 
ported preliminary study (4) indicated that an 
anionic cellulose exchanger may effect some 
separation of the L-E factor. The purpose of 
this communication is to report on some of the 
properties of a preparation containing L-E 
activity by use of a cationic cellulose ex- 
changer. 

Methods. Sera obtained from normal in- 
dividuals and from patients with DLE were 
stored in frozen state until ready for use. All 
fractionation procedures were carried out in 
cold room at 4°C. Isolation of serum gamma 
globulins was done by electrophoretic convec- 
tion in 0.15M phosphate buffer at pH 7.4. 
Nitrogen determinations were done by micro- 
Kjeldahl technic and phosphorus values were 
obtained by Schmidt-Thannhauser — technic 
(5). The resulting products contained little 
or no contaminating beta globulin as deter- 

* Trainee, Nat. Inst. of Arthritis and Metabolic 
Diseases. Supported in part by U.S.P.HS. 


mined by moving boundary and paper electro- 
phoresis. However, when the products were 
examined by agar diffusion(6) using rabbit 
anti-human gamma globulin as the develop- 
ing agent, as many as 7 distinct antigenic com- 
ponents could be identified. The gamma 
globulin isolated from patients with DLE gave 
strongly positive reactions in the L-E cell 
preparations(7) and in the DNA-protein 
coated latex agglutination test(8). Serum 
samples and gamma globulin fractions from 
normals and subjects with DLE were pre- 
pared for column chromatography by pre- 
liminary dialysis against 0.05M phosphate 
buffer at pH 5.0. A small amount of insoluble 
material, usually present at end of 24 hours, 
was removed by centrifugation. When whole 
serum was to be chromatographed, the dia- 
lyzed sample was diluted 1:10 with the start- . 
ing buffer before placing it on the column. 
Gamma globulin samples were placed on the 
column without preliminary dilution. Ap- 
proximately 15 g of cationic exchange cellu- 
lose, CM-cellulose-SF,t were placed in 3 
changes of 0.05M phosphate buffer at pH 5 
for 48 hours. The slurry was placed in a 20 
x 200 mm glass column and packed until a 
standard height with a flat crown had been 
achieved. Under these conditions, the flow 
rate varied from 60 to 80 ml/hour. The pH 
and salt concentration of the eluting buffers 
was increased simultaneously. The initial pH 
was 5 and final pH 7; initial salt concentra- 
tion was 0.05M and final concentration 0.15M. 
Salt concentration was increased by step-wise 
addition of sodium chloride. Six ml samples 


t Brown & Co., Berlin, N.H. 
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TABLE I. 
Positive column 
L-E vy globulin fraction 
LE cells Yes Yes 
Agglutination fe a 
Total N 100 mg 2.8 mg 
N cone. 1.83 mg/ml .428 mg/ml 
Phosphorus cone. 042” 103.0 aces 
N/P ratio 44 14.3 


were recovered with an automatic fraction 
collector operating in room at 4°C, at flow 
rate of 60 to 70 ml/hour. Elution curves were 
constructed plotting fraction number against 
optical density at 280 mU. Selected groups 
of consecutive fractions showing heavy ab- 
sorption were pooled and concentrated against 
0.15M sodium chloride by negative pressure 
dialysis. The resulting concentrates were 
characterized as follows: L-E cell promoting 
activity; DNA-protein coated latex aggluti- 
nating activity; nitrogen and phosphorus con- 
tent; electrophoretic and _ ultracentrifugal 
properties; immunologic behavior in gel dif- 
fusion studies. 

Results. Elution diagrams of normal se- 
rum and serum from patients with DLE are 
qualitatively similar. As indicated, evidence 
of L-E activity was present in one of the con- 
centrated pooled fractions. Only rosettes 
were seen in the L-E cell preparation but this 
material resulted in a strongly positive DNA- 
_ protein coated latex agglutination test. 


Fig. 1 presents typical elution diagrams of 
gamma globulin fractions prepared from nor- 
mal individuals and from patients with DLE. 


ELUTION PATTERNS OF NORMAL AND LUPUS 
GAMMA GLOBULIN 
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The relatively minor differences. in the pat- 
terns are of questionable significance since 
they could result from variations in column 
packing, column size, buffer flow rates, and 
rates of change in pH and salt concentration. 
A pooled concentrated fraction could be re- 
covered from L-E gamma globulin which 
demonstrated L-E activity in both agglutina- 
tion test and in L-E cell test (Fig. 2). The 
positive fractions were regularly obtained at 
a pH between 6.8 and 7.0 and at a salt con- 
centration of 0.15M. 

In a typical experiment, 100 mg of L-E 
gamma globulin nitrogen was placed on the 
column. L-E activity was recovered in a 
pooled concentrated fraction with approxi- 
mately the same activity intensity as the 
starting material. In Table I, data are shown 
comparing the properties of the starting ma- 
terial with those of the positive fraction. Ac- 
tivity could be demonstrated in a preparation 
which had lost 97% of its original total pro- 
tein nitrogen. Of some interest is the reduc- 
tion in nitrogen to phosphorus ratio from 44 
to 14.3. Since the first major elution peak 
had a nitrogen to phosphorus ratio of 13, it 
is presumed that a considerable amount of 
gamma globulin remained fixed on the col- 
umn. 

The positive pooled fraction was examined 
in the Tiselius moving boundary electro- 
phoresis apparatus and with conventional pa- 
per electrophoresis. A single peak with the 
mobility of normal gamma globulin was ob- 
served. When placed in the ultracentrifuge, 
the fraction showed a single peak with a sedi- 
mentation constant of 7 Svedberg units. 

The starting L-E gamma globulin prepara- 
tion regularly showed as many as 7 distinct 
antigenic components when examined by the 
Ochterlony technic; the positive fraction, 
however, failed to demonstrate more than a 
single band. In addition, this single band 
showed a reaction of identity with a compon- 
ent of normal gamma globulin. No band 
was observed when the positive fraction 
was set up in the agar diffusion against puri- 
fied DNA over a pH range of 7.4 to 8.2. The 
gel diffusion properties of the ‘“leuco-precipi- 
tines” described by Seligman are similar to 
our findings except we were unable to demon- 


PURIFICATION L-E CELt PRoMOTING FACTOR 


FIG. 2. 


strate a precipitin reaction between the L-E 
factor and DNA(9). 

The first major peak, shown in the elution 
pattern of L-E gamma globulin in Fig. 1, regu- 
larly showed from 3 to 5 components when ex- 
amined by the Ochterlony technic. On 2 oc- 
casions, fractions in the first peak demon- 
strated a positive L-E agglutination test but 
none of the fractions from this peak produced 
a positive L-E cell preparation. 

Discussion. This study illustrates another 
use of cellulose exchangers in chromatographic 
separation of serum proteins. The product 
showing L-E activity exhibited electrophoretic 
and sedimentation properties similar to 
products prepared by other methods(10). 
Within the limitations of the technics em- 
ployed, the L-E factor appears to behave as 
a single component. The data do not support 
the position that more than one specific fac- 
tor present in L-E sera is responsible for he- 
matoxylin body formation. The data do sug- 
gest that the L-E factor is a substance asso- 
ciated with gamma globulin which shares an- 
tigenic groupings with normally occurring 
gamma globulin. This view receives further 
support from the observation in our labora- 
tory that rabbit anti-normal human gamma 
globulin serum is capable of removing the L-E 
activity from positive preparations (to be 
published). In addition, fluorochrome studies 
(11) indicate that, when the L-E factor and 
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nucleoprotein become associated, normal 
gamma globulin is added to the complex. 

The suggestion is often advanced that the 
L-E factor is an “antibody” to a nuclear com- 
ponent but the evidence available does not 
permit this conclusion. The amount of pro- 
tein nitrogen necessary to retain full biologic 
activity of the L-E phenomenon is small. The 
unusual sensitivity of the L-E phenomenon 
to pH, temperature, storage and dilution, and 
the sequence of events as seen under phase 
microscopy(12), are not reminiscent of an 
ordinary antigen-antibody reaction. An al- 
ternative suggestion is that L-E activity may 
be conferred on the normally occurring gamma 
globulin by its association with a small but 
highly active abnormal component. 


Summary. Partial purification of the L-E 
cell promoting factor from gamma globulin 
has been achieved with the aid of a cationic 
cellulose exchanger. The fraction contain- 
ing L-E activity is eluted at a pH of approxi- 
mately 7 and a salt concentration of 0.15M. 
In the process of purification, total protein 
nitrogen content was reduced 97% nitrogen 
to phosphorus ratio was reduced from 44 to 
14.3 without notable reduction in biologic ac- 
tivity. This fraction possesses the electro- 
phoretic, sedimentation and immunologic 
properties of a normal gamma globulin. 
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Red Cell and Plasma Transit Through Spleen: the Splenic Hematocrit.* 
(24449) 


ANTHONY J. SLrwiNsxit AND LawrENCE S. LILIENFIELD} 
(Introduced by John C. Rose) 
Cardiovascular Research Laboratory, and Depts. of Medicine and Physiology, Georgetown 
University Medical Center, Washington, D. C. 


Considerable interest in the physiology of 
the spleen has been shown since Barcroft and 
co-workers(1-6) showed its importance as 
a reservoir for red blood cells. This function 
has been confirmed by Haam(7) and Kramer 
(8). Kramer concluded on effect of hypoxia 
on systemic hemoglobin content and spleen 
weight, that the spleen consists almost en- 
tirely of packed red cells. Reeve(9) postu- 
lated from P** blood volume determinations 
that the spleen concentrates red blood cells. 
Everell(10) calculated splenic hematocrit in 
rats, after allowing 15 minutes for red cell 
mixing with injected labeled red cells. He 
cound the hematocrit to be 46.9 in female 
rats and 50.7 in the males. These values 
would raise a question when compared to 
Kramer’s(8) conclusion that the spleen con- 
sists almost entirely of packed red cells. How- 
ever, Barcroft(1) using CO, had previously 
demonstrated that 30 to 90 minutes elapses 
before the general circulation and general 
mass of hemoglobin in the spleen acquire the 
same CO content. This indicates that per- 
haps Everell did not allow sufficient time for 
red cell mixing to occur. The following ex- 
periments were designed to determine the time 


* Supported in part by research grants from Nat. 
Heart Inst., U.S.P.H.S., and Amer. Heart and Wash- 
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necessary for equilibrium to be reached be- 
tween general systemic circulation and splenic 
venous outflow. This enabled calculation of 
mean transit time of plasma and red blood 
cells and provided data from which the splenic 
hematocrit could be determined. 

Methods. Eight healthy mongrel dogs 
weighing 9 to 12 kg were anesthetized with 
sodium pentobarbital, 25 mg/kg. A generous 
midline abdominal incision was made and the 
spleen exposed. One of the large splenic 
veins was dissected free, care being taken that 
adequate collateral venous drainage was left 
intact. This vein was incised and a poly- 
ethylene catheter tied into the proximal seg- 
ment. The free end of the catheter contained 
a stopcock. Similar polyethylene catheters 
were inserted into the femoral artery and 
femoral vein. In 6 experiments, aortic pres- 
sure was monitored with a mercury manome- 
ter connected to the femoral arterial catheter. 
Twelve ml of a saline suspension of the dogs’ 
red cells previously tagged with approximately 
500 microcuries of Cr°! and washed free of 
any extracorpuscular Cr*! activity was mixed 
with 125 microcuries of I'§! tagged human 
serum albumin. In one experiment, I'#4 
gamma globulin was used instead of [34 
serum albumin. This mixture was then in- 
jected over an 8 to 10 second period into the 
femoral vein. From the start of injection 
until 5 minutes later, femoral arterial blood 
and splenic venous blood was collected con- 
tinuously at 30 second intervals into paraf- 
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TABLE I. Splenic Red Cell and Albumin Transit Times in 8 Dogs. 


Arterial B.P. 
(mg/Hg) Equil. time (min.) Mean transit time Het. 

Zero Equil. (min. ) Het. Het. spl. / Het. 
time _ time Redeell Plasma Redeell T, PlasmaT,  T,/T, lv.t spl ly. 

87.5 32. 39.82 5.29 7.53 49.5 88 1.8 

* 87.5 15.0 34.03 8.28 4.1 31 65 2.1 

140 118 26.0 3.8 6.8 72 9.44 46 89 19 

128 100 56.0 4.0 11.16 1.01 11.04 42 89 2.1 

108 96 62.5 15.0 18.54 4,41 4.20 38 72 1.9 

114 100 47.5 27.5 9.41 2.43 3.87 37 70 1.9 

140 61 85.0 31.0 26.4 6.90 3.82 36 68 1, 

125 75 22.5 3.5 6.52 98 6.65 38 80 2.1 
Avg 59.3 16.5 19.09 3.75 6.33 BOW mei Omeloo Oletin le 


*T* gamma globulin used instead of I serum albumin. 


t Het. ly. was determined by centrifugation of arterial blood. 


fined test tubes containing dried heparin so- 
lution. Intermittent samples were then col- 
lected every 5 minutes until 30 minutes had 
elapsed and thereafter every 10 minutes until 
2 hours had elapsed from the time of injec- 
tion. (Only experiments in which splenic 
venous catheter blood flow remained constant 
during the collection period were utilized in 
this study.) Following collection of the sam- 
ples, 0.5 ml aliquots of whole blood were 
pipetted into glass vials. These were centri- 
fuged and the red blood cells washed 3 times 
with normal saline, care being taken not to 
remove any of the red cells. The Cr®! activ- 
ity of these washed aliquots were counted in 
a well-type scintillation counter, and the ac- 
tivity expressed as Cr®! counts per ml whole 
blood. The remaining blood in the collection 
tubes was centrifuged and 0.3 ml aliquots of 
the supernatant plasma were counted in a 
similar manner, the activity being expressed 
as I'*! counts per ml plasma. From the Cr?! 
counts per ml in each sample and its time of 
collection (corrected for collecting system 
catheter delay and using the midpoint of the 
injection period as zero time), a red cell con- 
centration vs. time curve was constructed for 
arterial and splenic venous blood. From the 
plotted curve, equilibrium time and equilib- 
rium concentration were determined. From 
this data the red cell mean transit time was 
calculated employing a formula modified from 
the method of Bradley and co-workers(11) 
for estimating splanchnic blood volume. 
Mean transit time was taken as equal to the 
difference between mean arterial and venous 
concentrations from zero time to equilibrium 


¢t + stand. dev. 


time divided by equilibrium concentration. 
Similarly, plasma albumin mean circulation 
time was determined from the arterial and 
venous I'*' counts. The hematocrit of the 
spleen was calculated directly from the ratio 
of mean transit times and large vessel hema- 
tocrit employing the formula previously de- 
rived by Lilienfield and co-workers(12,13). 

Results. The time for red cell equilibrium 
to be reached between the splenic vein and 
femoral artery was longer in all experiments 
than the time for plasma equilibrium to occur. 
Average time for red cell equilibrium was 59.3 
minutes (22.5 to 87.5). Average time for 
plasma equilibrium was 16.5 minutes (3.5 to 
32.5). Red cell mean transit time as calcu- 
lated by the above formula was 19.1 minutes 
(6.8 to 39.8). Plasma albumin mean transit 
time was 3.8 minutes (0.7 to 8.3). 

Average hematocrit of the spleen was cal- 
culated as 77.6 (65 to 88). Ratio of splenic 
hematocrit to large vessel hematocrit aver- 
aged 1,96 =-.12.(5.D:). 

Discussion. Sodium pentobarbital was 
chosen as the anesthetic agent because it 
causes relaxation of the spleen(14). It was 
thought that it would prevent the reflex con- 
traction induced by the trauma associated 
with catheterizing the splenic vein and more 
closely simulate the physiological status of the 
spleen in the intact animal. For this same 
reason, care was taken to insure adequate 
splenic venous drainage when the splenic vein 
was catheterized. 

The method of determining splenic hemato- 
crit from transit time data requires that the 
blood flow remain constant. In 4 of the ex- 
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periments the arterial pressure fell from 125 
mm Hg to 105 mm Hg. This fall was con- 
sidered insignificant so that a constant blood 
flow during this period could be assumed. 

However, in 2 experiments, the fall was 
from 130 mm Hg to 70 mm Hg at the time of 
red cell equilibrium. The results obtained 
from these experiments did not significantly 
differ from the others, therefore, the data were 
considered valid. It appears that the splenic 
blood flow remains rather constant over a 
wide range of blood pressure variations in a 
pentobarbital anesthetized dog. 

The wide range of times (22.5 to 87.8 min- 
utes) required for red cell equilibrium to 
occur agrees well with Barcroft’s(1) deter- 
minations that 30 to 90 minutes are required 
for red cell equilibrium in the spleen. This 
would indicate that a longer time than the 
usual 20 minutes should be used when deter- 
mining blood volumes in dogs with Cr*! 
tagged red blood cells. It would probably be 
best to use the upper limit of 90 minutes to 
insure adequate time for red cell mixing. The 
low splenic hematocrit figures obtained by 
Everell(9) were most likely the result of not 
permitting sufficient time for equilibrium. 

It is notable that in this study the splenic 
hematocrit was very nearly twice the large 
vessel hematocrit (average 1.96 + .12 S.D.) 
over a range of arterial hematocrits from 31 
to 49.5. This supports the contention that 
the dog spleen contains red cell concentrated 
blood. 

Summary. Five-hundred microcuries Cr*! 
tagged red blood cells and 125 microcuries 
I'*' tagged serum albumin was injected into 
8 sodium pentobarbital anesthetized dogs and 
blood samples collected simultaneously from 
the femoral artery and splenic vein. Time for 
red cell equilibrium was 59.3 minutes (22.5 to 
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87.5 minutes). Plasma equilibrium time was 
16.5 minutes (3.5 to 32.5 minutes); red cell 
mean transit time was 10.09 minutes (6.8 to 
39.82 minutes). Plasma mean transit time 
was 3.75 minutes (0.72 to 8.28 minutes). 
Average hematocrit of the spleen was 77.6 (65 
to 88). Ratio of splenic hematocrit to large 
vessel hematocrit was 1.96 + .12 S.D. over a 
range of arterial hematocrits from 31 to 49.5. 


The authors gratefully acknowledge technical assis- 
tance of Mr. Thomas Doyle, Mr. Francis Farrell and 
Miss Jean Pietras. 
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Alteration of Homograft Reaction by A-methopterin in Lethally Irradiated 


Mice Treated with Homologous Marrow. 


Detta E. UPHOFF 


(24450) 


(Introduced by L. W. Law) 


Nat, Cancer Inst., N.J.H., Bethesda, Md. 


Mice exposed to lethal total-body X irra- 
diation which receive an intravenous inocula- 
tion of homologous marrow may survive acute 
irradiation damage. Later, they may _ suc- 
cumb to a homograft reaction. Although it is 
generally accepted that there is an immune 
response, the problem of whether this reaction 
is initiated by host(1) or graft(2) has not 
been resolved. Methods of precluding this 
homograft reaction have been studied with 
little success(3). Increased long-term  sur- 
vival(4,5) may be readily obtained following 
use of embryonic hematopoietic tissue as a 
protective agent in place of adult marrow 
cells. This procedure is limited in usefulness 
since complete absence of homograft reaction 
(2) is restricted to certain strain combinations 
(unpublished data). Drug treatments as a 
method of modifying the homograft reaction 
have proved generally unfavorable(3). An at- 
tempt was made to apply the observations of 
\V. H. Haas and M. Potter (personal commu- 
nication), on inhibitory effect of A-methop- 
terin on immune response in mice, to the 
problem of preclusion of homograft reaction 
in lethally irradiated mice treated with ho- 
mologous marrow. This preliminary report 
shows alteration in homograft reaction in 
male and female mice by administration of 
folic acid antagonist, A-methopterin.* This 
alteration consists of an increase in survival 
in several groups and absence of a reaction in 
2 groups. 

Materials and methods. At 3 to 4 months 
of age mice were exposed to 800 r total-body 
X irradiation. This is a 30-day LD 98 dose 
for F,; hybrid mice. Two X-ray tubes placed 
opposite to each other were operated at 200 
kvp and 15 ma.; filtration was 0.25 mm cu. 
and 0.55 mm Al with 54 cm from each focal 
spot to center of mouse, with dose rate of 
120 r/min. Previously described experimen- 


* A-methopterin (Methotrexate) kindly supplied by 
Lederle Labs., Amer. Cyanamid Co., Pearl River, 
INS. Vi: 


tal procedures for marrow preparation and 
treatment were followed(6). Male and fe- 
male mice from inbred strains or F, hybrids 
between 2 inbred strains were used in host- 
donor combinations which had elicited an 
early severe reaction under these experimental 
conditions. A-methopterin was administered 
by intraperitoneal injection at 2 dose levels: 
3 mg/kg body weight and 1.5 mg/kg body 
weight at 48 hour intervals for 5, 6 and 9 
treatments. Drug treatment was started at 
14 days following irradiation and homologous 
marrow inoculation. At this time the ani- 
mals survived acute irradiation damage, body 
weight is returning to preirradiation level and 
homograft reaction has not become apparent. 
The variation in drug treatment was an at- 
tempt to acquire maximum beneficial effects, 
with minimum drug toxicity in lethally irra- 
diated animals. 

Results. A group of 23 (C57BL & DBA/ 
2)F, hybrid male mice were exposed to 800 r 
total-body X irradiation. Five animals served 
as irradiated controls and were all dead by 12 
days. The 5 animals which received isologous 
marrow and the 13 animals which received 
parental-strain C57BL marrow all survived 
acute irradiation damage. Of the 13 mice 
which received C57BL marrow, 7 animals 
were treated with intraperitoneal injections of 
A-methopterin at a dose of 1.5 mg/kg body 
weight at 48-hour intervals for 9 treatments 
and 6 animals served as controls. Fig. | 
shows curves for body weights recorded every 
48 hours for these 3 groups of mice starting 
at 14 days post-irradiation. 

In this graft-host combination there is an 
early, severe reaction. Although this reaction 
appears to be uniformly severe in all mice 
treated, 11% of the treated mice survived the 
reaction(2). In the group which received 
only homologous marrow treatment, one ani- 
mal survived the reaction and weights for this 
mouse are represented by the broken-line 
curve. The weight of this animal declined 
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FIG. 1. Mean body wt of (C57BL X DBA/2)F, 
hybrid male mice receiving 800 r total body irrad- 
iation followed by isologous marrow inoculation, 
or parental-strain marrow, or parental-strain mar- 
row and A-methopterin at a dose of 1.5 mg/kg X 
9 q 48 hr. Wt curves start at 14 days post-irradia- 
tion when drug was first administered and contin- 
ued until all mice were dead or recovery was estah- 
lished. 


between 26th and 40th day representing the 
period when the reaction was grossly quite 
apparent. Eighteen days after lowest weight 
was recorded, this animal had fully recovered 
its weight loss. Average weights were re- 
corded for all mice which did not survive the 
reaction and show a declining weight after 24 
days until all animals were dead at 38 days. 

In these hybrid male mice drug toxicity was 
noted near the end of series of drug treat- 
ments but there was quick recovery in most 
mice following suspension of treatment. One 
animal died on third day after drug was sus- 
pended and 2 animals failed to recover and 
died on days 50 and 56 following irradiation. 
These deaths were considered due to drug 
toxicity since the gross appearance of these 
animals was not that of a “typical” reaction 
in animals treated with homologous marrow 
following lethal irradiation. These animals 
appeared anemic, had enlarged spleens, and 
lymphoid tissue did not appear depleted as in 


animals dying of homograft reaction. The 
animals which survived drug treatment 


showed no secondary weight loss which might 
indicate a delayed homograft reaction. At 60 
days post-irradiation these animals were 
grossly indistinguishable from those receiving 
isologous marrow, having already acquired 
the gray coat typical of black mice receiving 
high doses of irradiation. This group repre- 
sents a 57% survival at 70 days. 

While attempting to determine the dose of 
A-methopterin that would produce maximum 
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beneficial effects and minimum toxic effects 


in these irradiated mice, several factors be-_ 


came quite apparent. Heavily irradiated ani- 
mals do not tolerate A-methopterin as well as 
non-irradiated animals. One important factor 
may be the very short recovery period after 
irradiation and marrow treatment, as these 
animals barely regain their pre-irradiation 
weight when drug treatment is started. The 
previously observed(7) sex difference in tox- 
icity to antifolic analogues was present, with 
females more sensitive than males to this drug 
treatment. It appears that to obtain maxi- 
mum beneficial effects in suppressing the ho- 
mograft reaction there must be some degree 
of toxicity. For example: In treating 10 
(C57BL x DBA/2)F, hybrid males and 5 
hybrid females with 3 mg/kg body weight 
of A-methopterin at 48-hour intervals for 5 
treatments, females showed marked drug tox- 
icity from which 4 of 5 mice recovered with 
no homograft reaction noted. On the other 
hand, 10 males showed no ill effects of this 
limited drug treatment, but 10 days following 
suspension of drug treatment, the beginning 
of a homograft reaction was noted. This re- 
action appeared quite “typical” with severe 
diarrhea, hunched appearance and_ ruffled 
coat. Although it appeared to be a severe 
reaction, 5 of these males recovered. It is not 
clear how much of this effect can be attrib- 
uted to sex difference and how much to drug 
toxicity. It would appear that degree of de- 
pression of the reticuloendothelial system, as 
measured by toxicity, is important. There 
was toxicity noted and no discernible reaction 
(Fig. 1) at a total dose of drug less than in 
mice in which there was no toxicity but a 
reaction occurred, presumably because of in- 
sufficient drug treatment. The females which 
survived toxic effects of drug and the males 
which survived the reaction were still alive 
over 90 days post-irradiation. 

In an attempt to reduce toxic effects of 
drug in female mice, 8 (C57BL x DBA/2)F, 
hybrid females were given A-methopterin at 
a dose of 1.5 mg/kg body weight at 48-hour 
intervals for 6 treatments. Drug toxicity was 
noted in these mice and weight loss occurred 
in the group receiving drug before it was 
observed in animals which received only ho- 
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mologous marrow. Although a severe homo- 
graft reaction was observed in drug-treated 
-mice, all treated mice were still alive at 90 
days after treatment. This reduced drug dose 
appears to be insufficient to suppress immune 
response in females although 9 treatments of 
the same dose proved effective in the male. 
CBA female mice irradiated, treated with 
C57BL marrow and given the modified drug 
treatment of 1.5 mg/kg body weight for 6 
treatments gave results similar to those of the 
(C57BL x DBA/2)F, hybrid females. 

Preliminary data are available on another 
hybrid combination, namely (C57BL x A)F; 
hybrid mice treated with C57BL marrow. In 
this case, the onset of reaction is later than 
in (C57BL x DBA/2)F;, hybrids treated with 
C57BL marrow(2). When (C57BL x A)F, 
hybrid males were treated with 3 mg/kg body 
weight every 48 hours for 5 treatments start- 
ing at 14-day post-irradiation, drug treat- 
ment appeared deleterious. Although this ob- 
servation must be confirmed, it would appear 
that drug treatment might lose its beneficial 
effect if administered too long before the ex- 
pected onset of homograft reaction. Support 
for this belief is found in the work of R. 
Schwartz(8), who observed suppression of 
immune response in rabbits to bovine 
serum albumin as long as 6-mercaptopur- 
ine was administered. Upon suspension of 
drug treatment, the rabbits regained their 
ability to react against the foreign an- 
tigen. In the case of homograft reac- 
tion in irradiated mice treated with homolo- 
gous marrow, it appears possible to perma- 
nently suppress this reaction as illustrated by 
male mice in Fig. 1 and female mice which 
received A-methopterin at 3 mg/kg body 
weight for 5 treatments at 48-hour intervals, 
or to reduce severity of the reaction as illus- 
trated by increase in survival following the 
reaction in the other cases cited, if drug is 
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administered during the time when the re- 
action would be apparent. 

The mechanism of the action of A-methop- 
terin in suppressing the homograft reaction in 
irradiated mice is obscure. This action ap- 
pears to be of a fundamental nature since it 
is also possible to increase survival time of 
skin grafts by a similar treatment (unpub- 
lished data). 

Although this is a preliminary report and 
further work is necessary, the results indicate 
that this may well be a profitable approach to 
the problem of preclusion of homograft reac- 
tion in irradiated mice treated with homolo- 
gous marrow as well as other types of homo- 
graft reactions. 

Summary. Mice which would normally 
succumb to a homograft reaction following 
lethal, total-body X irradiation and homolo- 
gous marrow inoculation, may be spared if 
they are treated with folic acid antagonist, 
A-methopterin. Using different treatment 
schedules, varying degrees of effectiveness 
from increased survival following a_ typical 
reaction, to no detectable reaction, may be 
obtained. The relationship between drug tox- 
icity and effectiveness in altering the homo- 
graft reaction is discussed. 
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Chronic Subclinical Infection with Mouse Salivary Gland Virus. 


(24451) 


IsaporE BropsKY AND WALLACE P. Rowe (Introduced by K. Habel) 
U. S. Dept. of Health, P.H.S., Nat. Inst. of Allergy and Infectious Diseases, Bethesda, Md. 


Studies conducted by Rowe e¢ al.(1) dem- 
onstrated persistence of human salivary gland 
virus in some children for at least 15-24 
months. Similarly, on the basis of cross-sec- 
tional studies, it has been assumed that sali- 
vary gland viruses of rodents produce long 
term chronic infection of the salivary gland, 
but there has been little experimental basis 
for this assertion and no estimate of duration 
of infection. This report describes a year’s 
study of subclinical mouse salivary gland vi- 
rus (MSGV) infection. In view of marked 
biological and physical similarities between 
mouse and human salivary gland viruses(2), 
it was believed that a study of chronicity with 
MSGV would serve as experimental model for 
human salivary gland virus. 

Materials and methods. Virus was obtained 
from Drs. Margaret G. Smith and Richard S. 
Lee, St. Louis, and maintained by passage of 
submaxillary salivary gland suspensions in- 
oculated subcutaneously into the region of 
submaxillary glands of NIH “General Pur- 
pose” Swiss mice, a strain free of spontaneous 
salivary gland virus infection(2). Forty male 
“General Purpose” mice 3 weeks old were in- 
oculated intraperitoneally with 0.2 ml of 10° 
dilution of infected mouse salivary gland sus- 
pension of the 30th mouse passage represent- 
ing approximately 10? to 10° TCIDs» doses. 
Mice were maintained for a year during which 
time, at given intervals, 2 to 4 mice were re- 
moved for study. Mouth swabs, urine and 
submaxillary glands were obtained from in- 
dividual mice. Trypsin dispersed mouse em- 
bryo tissue culture tubes were used for all 
virus isolations. Cultures were prepared from 
whole 14-16 day mouse embryos, grown in 
10% human serum in Eagle’s basal medium, 
and maintained in 5% horse serum in Eagle’s 
medium; media contained penicillin and strep- 
tomycin. The mouth swab was rinsed in a 
vial containing 2 ml of Hanks’ medium, and 
0.5 ml transferred to each of two tissue cul- 
ture tubes. Urine was diluted with one 
ml of Hanks’ medium and 0.1 ml inoculated 


into each of 2 tubes. Ten percent suspensions 
of the salivary glands were prepared and 0.1 
ml of 10-fold serial dilutions inoculated into 
each of 2 culture tubes. Cultures were ob- 
served for at least 2 weeks. Virus isolations 
were identified by the characteristic pattern 
of cytopathic effects and typical intranuclear 
inclusions(3). Virus titers are expressed as 
number of tissue culture doses/0.1 ml of 10% 
gland suspension. Glands were fixed in Zen- 
ker’s-formalin and stained with hematoxylin- 
eosin. Slides were carefully examined for in- 
tranuclear inclusions by at least two  ob- 
servers. 

Results. No evidence of overt disease was 
seen in any of the 40 mice. Results of virus 
recovery and pathologic studies are sum- 
marized in Table I. The first isolation of 
MSGV from the submaxillary gland, on 
eighth day after inoculation, coincided with 
appearance of virus in mouth swabs and of in- 
clusions in the submaxillary gland. Maximum 
titer was obtained on 12th day; this was the 
only time at which virus was recovered from 
urine. After one year the submaxillary glands 
of 3 mice were still positive for MSGV and 
of the 2 mice tested both were excreting virus 
in the saliva. 

Inclusion bodies were most numerous dur- 
ing early stages of infection. After 60th day, 
no inclusions could be demonstrated in sub- 
maxillary glands of any of the 9 mice studied 
although all had virus in the glands in titers 
of 107 to 10°. There appeared to be no defi- 
nite correlation between virus titer and num- 
ber of inclusions. However, further studies 
would be needed to establish this point. 

Discussion. Large doses (approximately 
10° TCIDs9) of MSGV are required to pro- 
duce fatal infection of adult mice after intra- 
peritoneal or intracerebral inoculation, but 
subclinical infection is established regularly 
with as little as 1 to 10 TCIDs9(2). The 
dose used in the experiment reported here pro- 
duced no overt disease, but produced chronic 
subclinical infection of submaxillary salivary 
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TABLE I. _Virus Isolation Attempts and Presence of Inclusion Bodies in Individual Mice Sae- 
rificed at Intervals after Intraperitoneal MSGV Inoculation as Weanlings. 


Virus titer* in submaxil- Inclusion bodies in Virus in Virus in 
lary gland submaxillary gland mouth swab urine 
Days after ——Mouse No.——_, ——Mouse No.——, Mouse No. Mouse No. 
inoculation 1 2 3 4 1 2 3 4 1 2 1 2 
1 <109 510° 0 0 0 0 0 0 
4 - a 0 0 0 0 0 0 
6 ss i 0 0 0 0 0 0 
8 10* 10* ob a + a 0 0 
12 =10° 210° PE Bieta Site BE 
18 10* 10* SES aP orp as ae ate 0 0 
36 10° 108 as Be Se o ers 0 0 
60 108 <10° ok 0 0 0 0 0 
120 = 10? 105 10% 0 0 0 0 
240 2 108 0 0 
365 10? = 10? 0 0 0 + + 0 0 


* Titer expressed as No. of tissue culture doses/0.1 ml of 10% gland suspension. 


glands of at least one year’s duration. On the 
basis of inclusion bodies, one might have con- 
cluded that the infection disappeared between 
the 60th and 120th days, but virus was pres- 
ent in moderate titer from 120th to 365th 
day, and at least some mice were still excret- 
ing virus in the saliva. This finding implies 
that absence of inclusion bodies in adult hu- 
man salivary glands should not per se be con- 
sidered proof of the absence of virus; however, 
attempts to recover virus from saliva and 
parotid glands of a small number of adult 
humans have been unsuccessful(1, and un- 
published). Failure to recover virus from 
urine of mice after the acute phase of infec- 
tion is in marked contrast to the high fre- 
quency of recovery of human salivary gland 
virus from urine of children months after ini- 
tial infection. This may be related to failure 
of the mouse virus to produce lesions in the 
renal tubules(4), as opposed to their frequent 
presence in infected children(5). 

Our data indicate that MSGV would pro- 
vide a rather unique experimental model for 
study of a localized, subclinical virus infec- 
tion. Of particular interest would be a study 
of experimental conditions that might acti- 


vate the virus to produce disseminated dis- 
ease. Such a study might have bearing upon 
human cytomegalic inclusion disease since dis- 
semination of the human salivary gland virus 
is often noted in the presence of stress con- 
ditions such as prematurity, pertussis, and 
malignant disease(5). 

Summary. Inoculation of weanling mice 
with a sublethal dose of MSGV_ produced 
chronic, subclinical infection of submaxillary 
gland of at least one year’s duration. Virus 
was isolated from urine during the acute 
stage of infection and from saliva during both 
acute and chronic stages. Inclusion bodies in 
the salivary gland were not seen after the 
60th day of infection. 


1. Rowe, W. P., Hartley, J. W., Cramblett, H. G., 
Mastrota, F. M., Am. J. Hyg., 1958, v67, 57. 

2. Hartley, J. W., Doctoral Dissertation, George 
Washington Univ., Oct. 19, 1957. 

3. Smith, M. G., Proc. Soc. Exp. BloL. AND MEp., 
1954, v86, 435. 

4. McCordock, H. A., Smith, M. G., J. Exp. Med., 
1936, v63, 303. 

5. Smith, M. G., Vellios, F., A.M.A. Arch Path., 
1950, v50, 862. 


Received September 12, 1958. P.S.E.B.M., 1958, v99. 


656 


Proteins of Heart in Experimental Cardiac Hypertrophy in the Rat.* (24452) 


Harry SoBELt AND Fay M. CoHEN 
Cedars of Lebanon Hospital and Dept. of Biochemistry and Nutrition, University of S. California 
School of Medicine, Los Angeles 


Rapid cardiac hypertrophy follows exposure 
of rats to a reduced atmospheric pressure with 
increased environmental temperature(1). For 
example, after exposure to these conditions for 
4 hours a day, a 50% increase in heart weight 
occurs after 12 days. A procedure has been 
developed for quantitative determination of 
cardiac protein fractions(2). The findings 
on growing rats have been reported(3). It 
was desirable to investigate the protein frac- 
tions of the hypertrophic hearts. 

Methods. Hypertrophy was produced as 
previously described(1). Female rats of the 
Addis-Slonaker strain weighing 150 g were 
exposed to a simulated altitude of 25,000 ft. 
at 100°F for 4 hours a day. After average 
accumulated exposure time of approximately 
48 hours, the mortality was 40%, deaths oc- 
curring mainly during the first 8 hours. The 
morning following last exposure, the animals 
were sacrificed and the hearts prepared as 
previously described(2), without the auricu- 
lar appendages. Protein fractionation was 
carried out using procedure A. Briefly, the 
steps include the following: (1) grinding with 
sand; (2) extraction with 0.28 M Sucrose, 
.01 M Versene at pH 5 and centrifugation at 
19,000 g (supernatant Fraction I); (3) ex- 
traction of residue with 0.28 M Sucrose, .01 
M Versene at pH 7.4 and centrifugation at 
650 g followed by 19,000 g (supernatant Frac- 
tion JA and residue mitochondria Fraction 
III); (4) extraction with 0.6 M KCl phos- 
phate-pyrophosphate-versene buffer (super- 
natant Fraction II) and centrifugation to ob- 
tain residue (R). Fractions I, IA and II 
were subfractionated electrophoretically with 
Kern microelectrophoresis apparatus (type 
LK 30) which utilizes the interference prin- 
ciple. No unusual difficulties were encoun- 
tered in analysis of the hypertrophic hearts. 
It was observed, however, that Fraction I, 


* This project was supported by 
U.S.P.H.S. and Am. Heart. Assn. 
t Investigator, Howard Hughes Fn. 


grants from 


which is normally only slightly tinged with 
pink, was now distinctly red. Fraction II was 
considerably more turbid than usual but did 
not appear to be more viscous. 

Results. In general, weight did not change 
during exposure to experimental conditions. 
Animals with weight loss exceeding 5 g were 
discarded. Fourteen hypertrophic hearts from 
150 g rats with average weight of 794 mg | 
were analyzed. The expected heart weight 
for unexposed animals was 541 mg. The find- 
ings were compared with the predicted values 
for 150 g rats obtained from the regression 
equations previously derived(3). The results 
are shown in Table I. 

The total protein increased 42%. Individ- 
ual protein fractions grew in a disproportion- 
ate manner. Several protein fractions ex- 
ceeded general growth of the organ. Frac- 
tions I;, II and mitochondria (III) exhibited 
the largest increases. 


TABLE TI. Quantitative Analysis of Protein Frac- 
tions from Hypertrophie Hearts. 


Pobs. (mg) P150 (mg) Pobs./P150 R%x50 | 


Py INE ByeGehiy 80.7 1.42 52 
Ty 24.54 .9 16.9 1.45 62 
Ty Oe Opei= rok 2. 1.07 53 
I, 3.5 c= 42 2.4 1.46 65 
I; SOs a 2.9 1.34 72 
I, AO etme 3.4 1.44 51 
I; O.2ise 4 4.6 2.00 67 
ITA, Ue og! 6.9 1.30 41 
TA, eagles ail 1.8 USiid 43 
TA, A5+ 2 3.3 1.36 52 
TA; 244 2 aly 1.41 27 
Il, 30.2 41.3 20.0 1.51 84 
Ila Diz seo 4.5 1.16 90 
IIe NS Ally ates 11.0 srl 1.00 
Ily Sh ipaist 5) 3.9 1.36 63 
oa OO) Seda 5.6 alee .62 
R 41.0\ a= .9 30.6 1.34 .30 


* Stand. error. 


P, = total protein; I,, [A,, II,, III and R refer | 
to total protein of major fractions; other sub-. 
seripts refer to specific subfractions. Pobs. = ex- 
perimental values; P 150 = ealeulated from regres- | 
sion equations*® for 150 g normal rats; Pobs./P 150 | 
= ratio of value for hypertrophic heart to normal 
heart; R%,s5) = inerease in protein (mg)/g gain in| 
body wt calculated from equations*, | 

| 


PROTEINS OF HEART IN HYPERTROPHY 


FIG. 1. 

Hypertrophic Heart (b). Extrapolation of electro- 

phoretic pattern obtained with a Kern microelee- 
trophoresis apparatus. 


Fraction II for Normal Heart (a) and 


Close inspection of the interference pat- 
terns suggested that I; contained a second 
component. The possibility that this was due 
to myoglobin was offered by the following: It 
was pointed out above that Fraction I of the 
hypertrophic hearts was distinctly red. This 
suggested that an increase in hemoglobin and/ 
or myoglobin had taken place. To test this 
point, the concentrated Fraction I was sub- 
jected to electrophoresis on paper at pH 8.9 
with buffer using Spinco Electrophoretic ap- 
paratus. Unstained strips were compared to 
strips stained in the usual manner with brom 
thymol blue. Examination of these strips in- 
dicated that the pigment moved with the slow- 
est moving Fraction I;. The pigment had 2 
components. By comparison with rat hemo- 
globin the faster pigment component was 
ascribed to this substance, the slower was as- 
sumed to be myoglobin. If this is the case 
it must be concluded that some increase in 
hemoglobin and a considerable increase in 
myoglobin content had taken place. Nearly 
undetectable amounts of pigment were present 
in normal hearts under similar conditions. 

Fraction II 8 exhibited a second compon- 
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ent with hypertrophy (Fig. 1). The fractions 
of II designated a, 8 and y in this laboratory 
follows Dubuisson’s designation a, 8 and con- 
tractin. II 8 corresponds to actomyosin of 
other investigators. 

Discussion. The data describe changes in 
protein fractions of the heart in which hyper- 
trophy was induced due to an increase in work 
load. It was not expected that the informa- 
tion would be useful in interpreting the events 
which had taken place since specific functions 
have not yet been assigned to each fraction. 
Nevertheless the apparent increase in myo- 
globin and the factual increase in mitochon- 
dria indicate an expansion of the oxygen 
transporting and oxygen utilizing systems. 
The changes in II 8 indicate presence of in- 
creased quantities of contractile protein. 
These findings are consistent with suggestions 
made previously that during metabolic dis- 
equilibrium changes in protein content are 
governed by the functional demand for serv- 
ices of the individual proteins which take 
place during the change(3). 

It was of interest to compare changes ob- 
served with hypertrophy to that seen in 
growth. From data previously reported (3) 
the net deposition of protein for each frac- 
tion/g gain in body weight for 150 g rats was 
calculated (column 5, Table I). Comparison 
of this data with that derived from hyper- 
trophic hearts suggested that hypertrophy is 
not simply an exaggerated growth. Certain 
differences were quite striking. For example 
Fraction II a was increased rapidly during 
normal growth but not with hypertrophy. Evi- 
dently the increased demand for the services 
of each fraction during an induced hyper- 
trophy under an increased work load differs 
in certain respects from the demands made 
during normal growth. 

Summary. Protein fractions of hearts from 
rats in which cardiac hypertrophy was pro- 
duced by exposure to elevated environmental 
temperature and reduced atmospheric pres- 
sure were studied. Increases occurred in all 
fractions but in a disproportionate manner. 
Largest increases were observed in the follow- 
ing fractions: (1) I;, due in part to an ap- 
parent increase in myoglobin, (2) in the con- 
tractile Fraction II 8, due in part to appear- 
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ance of a component not normally demon- 
strated, and (3) in the mitochondrial fraction. 
It is suggested that these changes represent 
an adaptation to work demands placed upon 
the heart under experimental conditions. 

1. Sobel, H., Graboyes, S., Proc. Soc. Exp. BIov. 


Brain Excitability in Relation to Age and Hypophysectomy. (24453) 


S. J. DESatva, R. A. Evans, R. Stusss anp G. Bopatk (Introduced by N. Ercoli) 


Aanp Mep., 1958, v97, 725. | 
2. Sobel, H., Myers, Sara M., Marmorston, J., 
Circulation Research, 1955, v3, 454. 
3. Sobel, H., Myers, Sara, M., Cohen, F., Arch. 
Biochem. and Biophys., 


Received September 15, 1958. P.S.E.B.M., 1958, v99. 


Dept. of Pharmacology and Chemotherapy, Armour Pharmaceutical Co., Kankakee, Ill. 


A type of brain excitability may be deter- 
mined by measuring minimal electroshock 
threshold (EST) of rats. A number of vari- 
ables have been reported to change this re- 
sponse: body weight, nutritional factors, en- 
docrine imbalances, etc.(1-5). The undefined 
significance of body weight and of other vari- 
ables occurring in chronic experiments makes 
it difficult to obtain, by EST measurement, an 
exact perspective of the role of the endocrine 
system on sensitivity of the central nervous 
system, and this may account for disparities 
in conclusions(2-5). In an attempt to ex- 
plain the interrelationship of EST with body, 
brain, and adrenal weights, and age in intact 
growing rats, and in early and late hypophy- 
sectomized rats the following experiments 
were performed. 

Materials and methods. Two hundred and 
eight, male Sprague-Dawley rats were used. 
Body weight and EST measurements were 
made on each of 10 groups of 10 intact rats, 
on each of 8 groups of 10 early hypophysec- 
tomized rats, and on each of 2 groups of 9 
and 2 groups of 10 late hypophysectomized 
rats. Intact animals were exposed to electri- 
cal stimulation only once at 10 different time 
intervals between 23 and 95 days of age; the 
early hypophysectomized rats at 8 intervals 
between 25 and 137 days of age; and the late 
hypophysectomized rats at 4 intervals be- 
tween age 70 and 137 days. Electroshock 
was produced by a 60-cycle stimulator with a 
0.16 second duration through corneal elec- 
trodes. Tissues were removed and weighed 
30 minutes after electroshocking. Coefficients 
of correlation and regression between EST 


and the other factors examined (organ and | 
body weights and age) were statistically 
evaluated. 

The results are summarized in Table I. In- 
tact animals showed an increase in body, 
brain, liver, and adrenal weights; also EST 
increased with age. Early hypophysecto- - 
mized rats (operated at 23 days) exhibited an | 
initial drop in body weight followed by an | 
increase. Brain and adrenal weights de-. 
creased; whereas liver weights and EST in-. 
creased, although less rapidly than in intact | 
animals. Late hypophysectomy (operation at 
67 days) suppressed growth; body and brain | 
weights remained steady, but adrenal and 
liver weights decreased. The adrenals ap- | 
peared to atrophy whereas EST continued to. 
increase parallel to rate of increase observed 
in the intact animal. 

Discussion. In intact, growing animals, 
absolute value of EST increases with age and 
consequently with body, and other organ 
weights. In the hypophysectomized animals, 
in which body and brain weight increase is 
inhibited, EST still increases with time. 
When EST values were plotted against age, 
straight lines resulted; their coefficients of 
regression have been calculated by standard 
statistical methods. At 95% confidence in- 
tervals, there was no significant difference 
between the coefficients for intact (0.362) and 
late hypophysectomized rats (0.324). On the 
other hand, this coefficient was significantly 
different (0.220) for early hypophysecto- 
mized animals. Age appears to be most di- 
rectly related to EST in both hypophysec- 
tomized and normal animals. Instead, if EST 


BRAIN EXCITABILITY AGE AND HypopHysEcTOMY 


659 


TABLE I. Body, Brain, Liver, and Adrenal Weight and EST Means in Rats after Exposure to 
Single Shock. 
ana=wjeawxw[—v[v_0_00w="Is=aoeoaoeoeaezeomamwO@mnwvowO0OwOéO'9m'wvOWOwOwoOoOoOoooooo eee eee 


E 
Age No.of Body wt, Brain wt, Liver, Adrenals (2), EST, ane g 
(days) rats g+S8.D. mg + 8.D. mg+8.D. mg+S.D. ma+8.D. body wt 
Intact 

23 10 51.3 3.3 1320 33 2413 375 PilG) ak. 

25 “ 50.20 2.5 134743 2275 148 15.7 1.6 

28 re 65.9 3.2 1383* Ioyie sll 25.2 

39 ; 128.4 6,7 1524 96 6895 644 26.6 2.5 

53 ‘ 210.3 10.9 1557 170 12859 540 32.1 5.8 20.8 .5 9.75 

67 ne 264.1 15.0 1660 57 13486 1004 38.6 3.9 erally O85) 8.55 

7 4 272.6 17.9 1577 270 13823 1001 40.1 4.2 24.1 .8 8.9 

81 * 284.4 10.2 1568 15 13765 1500 43.5 5.6 COR 0 10.5 

95 : 315.3 20.0 1582 42 14497 1625 49.0 6.2 

Early hypophysectomized (23 days) 

25 10 48.5 4.1 1424 97 2302 233 14.5 4 

28 ~ 57.3 5.6 1436* ilysy 423 28.2 

39 ‘ 69.0 7.4 1484 54 3228 386 Slee 

53 % 68.9 5.2 1476 124 3504 407 8.6 2.8 ile(o) 5) ile 

70 ¥ 73.3 4.1 1450 77 3371 397 8.3 2.0 He oi 26. 

81 : 70.1 2.9 1481 77 3708 255 Way SUS) pallieesy 33 30. 

95 76.2 8.6 1478 84 3484 461 Ue) 21.4 9 28. 
137 D4 78 1463 = 63 4263 733 9.5 2.3 Peifges BUSIL 30. 

Late hypophysectomized (67 days) 

70 { 220.2 17.0 1545 89 10333 793 31.9 4.4 PA: ees) elk 

81 10 207.2 19.1 1581 78 8401 618 18.1 4.0 26.0 1.4 12.5 

95 . 209.3 18.3 1579 63 9089 1178 14.2 1.8 32.6 1.9 15.6 
137 9 215.0 14.7 1539 157 9085 1420 LL 1-0 42.3 2.7 19.7 


* Interpolated values. 


is represented in terms of body weight, the 
values obtained would be distributed in dis- 
order, as would be expected if one assumed 
that the electric current applied through the 
corneal electrodes acted in a closed system, 
involving the CNS and not the total body 
mass. In normal animals, there is a possi- 
bility that the mass of the brain may be one 
of the factors responsible for EST increase. 
However, the EST-brain weight relationship 
is certainly not a direct one (Table I). It 
cannot be excluded that EST may be influ- 
enced by brain weight as well as age. The 
first factor could act through a mass effect on 
general uptake of the current; the second 
(age) through a more specific cellular varia- 
tion, which would be influenced by the endo- 
crine system. If brain weight influenced EST, 
then the values obtained in hypophysecto- 
mized rats (in which this weight did not sig- 
nificantly change) represented a higher rela- 
tive threshold in comparison to the controls. 
The EST-Age correlation coefficient following 
early hypophysectomy leads to the conclusion 
that, when the animal is more affected by the 
hormonal deficiency, as in young, growing 


animals, the threshold is more susceptible to 
reduction. This may be related to some fun- 
damental process involving neurons, parallel 
to the general lack of development. 

The present findings, showing gradual in- 
crease of EST in the nonoperated animal as 
time increases, would be sufficient to account 
for the difference of threshold before and 
after hypophysectomy; this observation in 
the past(2,3) has been interpreted as a hypo- 
excitability induced by the deficiency status. 
In a general way, inability to change one set 
of variables (e.g., hormonal influences of hy- 
pophysectomy) and maintain the others 
(body and organ weights or age) in the same 
condition as the controls, makes interpreta- 
tion of the findings obtained on the convulsive 
threshold under the influence of endocrine 
deficiencies more difficult than has been as- 
sumed. 

Summary. An investigation was carried 
out in Sprague-Dawley, male rats to deter- 
mine relationship of total body, brain, adre- 
nal, and liver weights, and age on EST in 
intact growing, and in early and late hypo- 
physectomized rats. 1. EST is progressively 
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increased in relation to age in intact growing, 
and in early and late hypophysectomized rats. 
2. Statistical analysis of values obtained 
shows that regression coefficients of Age vs. 
EST of intact growing and of late hypophys- 
ectomized rats are almost identical, whereas 
those of early hypophysectomized rats 
are lower. It is possible that early hypo- 
physectomized rats become more sensitive 
to the stimulus than intact or late hypo- 
physectomized animals. 3. The conclusion 
is reached that other variables, particu- 
larly age, have to be considered in seeking 
information of the effect of deficiency state 
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itself on EST, or more generally on central — 
nervous system sensitivity. On this basis, 
many previous conclusions require revision. 
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Quantitative chemical analysis of histo- 
logically or cytologically defined samples often 
requires micro technics to deal with the small 
quantities involved. Microbiological assay, 
the method of choice for certain B vitamins 
etc., has a remarkably great sensitivity which 
is well suited to the exacting requirements of 
histo- and cytochemical studies. Neverthe- 
less, this analytical approach has been sur- 
orisingly neglected, and in fact only an occa- 
sional micro adaptation for any purpose has 
been made, e.g.,(1-4). Bioautography offers a 
sensitive means of detection but without the 
degree of quantitation afforded by the usual 
microbiological assay. Excellent comprehen- 
sive reviews of these technics have just ap- 
peared(5,6). Recent instrumental develop- 
ments have made feasible the extension of mi- 
crobiological assay to a scale requiring 500 to 
1000 times less sample without loss in accur- 
acy or precision. In this communication such 
a technic will be described with application to 
measurement of biotin, liberated from bound 

* This study was supported by research grants from 
Eli Lilly and Co., Indianapolis, US.P.H.S., and Louis 
W. and Maud Hill Family Fn. 


form by acid hydrolysis, and pantothenate, 
liberated by enzyme hydrolysis. 

Materials and methods. The micro equip- 
ment employed has been described(7). Py- 
rex culture tubes 28 mm long, 4 mm inner di- 
ameter, with sleeve-type rubber serum-bottle 
stoppers were used. Constriction pipettes 
were employed for all volumes under 100 pl 
and mixing in the tubes was carried out by 
“buzzing.” A constant temperature water 
bath with a plastic plate containing holes, 6 
mm diameter, to hold the culture tubes served 
as the micro incubator. The plate was sus- 
pended 15 mm under the water surface so that 
the tubes were submerged but the tops of the 
stoppers were not. An ordinary well-con- 
trolled incubator can be used instead. <A 
micro centrifuge (Microchemical Specialties 
Co., Berkeley) was also used. Growth was 
determined turbidimetrically at 650 mp with 
a Beckman DU spectrophotometer. Lowry- 
Bessey micro cuvettes were employed for 
larger volumes (100 vl) and Glick-Grunbaum 
inserts were used with these cuvettes for 
small volumes (6 pl). Lactobacillus arabino- 
sus, strain’ 17-5, with “double strength” 
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Skeggs-Wright medium was used for assay of 
biotin(8) and pantothenate(9). For both 
vitamins substitution of cysteine for cystine 
and addition of 1 mg folic acid per liter of 
medium was found to give more consistent re- 
sults. For inoculum cultures, 0.025 pg % 
biotin or 2 ~g % calcium d-pantothenate was 
added to the medium diluted with an equal 
volume of water. Stock cultures were main- 
tained on APT Agar, No. 229 (Case Labora- 
tories, Chicago). When the sample was a 
microtome section of fresh-frozen tissue, it 
was frozen-dried at —20°C in a vacuum desic- 
cator over silica gel(7), weighed on a quartz 
fiber micro balance, and then subjected to 
hydrolysis. For biotin, optimal conditions for 
hydrolysis were found to be autoclaving the 
dried sample, e.g., about 20 »g from a fresh 
section of rat liver 2 mm diameter and 20 p» 
thick, in 5 wl of 2 N sulfuric acid in a 
stoppered tube for 1 hour at 120°C. The 
hydrolysate was neutralized with 5 gpl 
of 2 N_ sodium hydroxide and diluted 
with sufficient (usually 180 yl) 0.015 M 
phosphate buffer, pH 7, to bring the biotin 
concentration into the region required by a 
standard calibration curve. For pantothenate 
in the dried sample, e.g. liver as above, enzyme 
hydrolysis, adapted from the procedure of 
Novelli and Schmetz(10), required 18 hours 
at 37°C in a mixture consisting of 5 pl (2 
Schmidt-Thannhauser units) of 0.2% purified 
intestinal alkaline phosphatase (Pentex, Kan- 
kakee, Ill.), 10 pl of 10% suspension of 
Dowex-treated pigeon liver acetone powder 
(Pentex) in 0.02 M potassium bicarbonate, 
5 wl of 0.1 M Tris buffer, pH 8.4, and 30 yl 
water. The enzymes were inactivated by im- 
mersing the tubes in boiling water for 45 sec- 
onds and the hydrolysate then diluted with 
100 pl of water. Before assay the hydroly- 
sates of both vitamins were clarified by cen- 
trifugation for several minutes at 7500 g or 
greater. Sterile standard solutions of biotin 
in 0.015 M phosphate buffer, pH 7, were used 
in the range 0.1-1.0 myg per ml. The cal- 
cium d-pantothenate standards were in the 
range of 10-100 myg/ml water. Aliquots of 
10 pl of standard or hydrolysate solution were 
employed for each assay, and these were set 
up in triplicate for each dilution. Hydroly- 
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FIG. 1. Response of Lactobacillus arabinosus (17- 

5) to biotin in macro (10 ml/tube) and micro (20 

ul/tube) assays. Bacterial suspension was not di- 

luted before measurement in the former, but it 
was (1:1) in the latter. 


sates were diluted 2 or 3 times and all dilu- 
tions were assayed simultaneously. Ten pl 
of inoculated medium were added to each tube 
and the mixture incubated at 30°C for 24 
hours (pantothenate) or 48 hours (biotin). 
Finally 100 pl of 0.9% sodium chloride were 
added, the solution mixed and the absorbance 
measured. 

Results. The data presented in Fig. 1 il- 
lustrate the close correlation between the 
macro and micro assays for biotin. The same 
degree of correlation obtains for pantothenate 
assays. To test the precision of the methods 
10 aliquots from a standard solution of 
biotin and 10 from one of coenzyme A were 
analyzed and the respective means 4.05 ppg 
(% standard deviation and error, 3.2 and 
1.0) and 22.6 mpg (% standard deviation 
and error, 4.9 and 1.5) were obtained. Tripli- 
cate analyses of hydrolysates of individual 
microtome sections of rat liver, dry weight . 
21-24 wg, gave a mean of 3.14 pug biotin per 
pe dry weight for 10 sections (% standard 
deviation and error, 4.4 and 1.6) and 0.28 
mpg pantothenic acid per pg dry weight for 
7 sections (% standard deviation and error, 
7.9 and 2.8). 

Preliminary work indicates that the method 
for biotin can be used for niacin in the range 
0.006-1 myg by replacing the niacin in the 
double-strength medium by 0.1 ng % biotin. 
Hydrolysis requires autoclaving for 15 min- 
utes at 120°C in 0.1 N sulfuric acid; 0.1 N 
sodium hydroxide is used for neutralization. 

Summary. Extension of microbiological as- 
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say methods to a scale requiring 1/500th to 
1/1000th the sample ordinarily used is de- 
scribed with specific application to the meas- 
urement of biotin and pantothenate in tissue 
sections. 
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Lurie concluded (a) that acquired immu- 
nity to tuberculosis is merely enhanced na- 
tural resistance, and modes of action of the 
2 phenomena are probably the same(1,2) and 
(b) that altered physiological reactivity of 
mononuclear phagocytes of the immunized 
animal is the most important single factor in 
resistance to the disease(3). These conclu- 
sions have gained considerable support. It 
appeared possible therefore that comparative 
studies of some physiological activities of 
mononuclear cells from animals of differing 
susceptibility to this disease might contribute 
to a better understanding of mechanisms of 
restriction of intracellular mycobacterial 
growth. Asa part of such studies, antimyco- 
bacterial activities of extracts of cells of in- 
duced peritoneal exudates from the highly sus- 
ceptible guinea pig and the very resistant rat 
have been investigated. It seems desirable 
to report preliminary results of these experi- 
ments. 

Materials and methods. Male albino guinea 
pigs of the “English” breed weighing 800 to 
1200 g each, and 2 strains of male albino rats 
of 250 to 400 g weight were used in groups of 
8 to 18 animals for each experiment. Exudate 


* This investigation was supported in part by grant 
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induced by intraperitoneal injection of glyco- 
gen(4) was collected on sixth day, at time of 
monocyte-type cell predominance, by wash- 
ing peritoneal cavities with large quantities of 
isotonic 0.005 M Tris buffer, pH 7.4. Fluid 
was collected by gravity from living guinea 
pigs, and from rats by exposing peritoneal 
cavities immediately following their death 
from sharp head blows. Siliconed glassware 
or lusteroid or polyethylene containers were 
used for handling all cell suspensions. About 
1. to 2.5 1 of pooled cell suspension was ob- 
tained from each group of animals. The 
number of cells was determined by hemocy- 
tometer for preliminary standardization. Cells 
were concentrated in 20 to 40 ml of isotonic 
Tris buffer in a refrigerated centrifuge. Con- 
centrated cell suspensions were freed from 
contaminating erythrocytes, if any, by recen- 
trifuging and suspending 10 minutes in hypo- 
tonic NaCl solution, which was then made 
isotonic by addition of an equal volume of hy- 
pertonic NaCl solution(5). Total and dif- 
ferential cell counts were made and the sus- 
pension recentrifuged; thus cells were washed 
twice after removal from animals. The but- 
ton of cells was evenly suspended in glass- 
distilled water to make concentrations of 
about 60 to 70 x 10° cells/ml and suspensions 
were subjected to sonic vibration in Raytheon 
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TABLE I, Antimycobacterial Activity of Mononuclear Cell Extracts, Figures refer to average number 
of colonies in 4 weeks from replicate tests of 0.02 ml of filtrate-bacteria mixtures. Test organism: Myco- 
bacterium tuberculosis, var, hominis, Strain H37Ra. 


Hours of contact with bacteria: 


0 1 24 


Exp. 1: a 
FPiltr.-baet. mix.: Undil. 


Dil. 1:5 67 60 


Rat cell extract (Wistar) ————, —— 
>250 >250 250 approx. 


52 (5 repl.) 


48 0 1 24 48 


9 eal ae 
0 (Grepl.)* >250 >250 >250 1+ ( 8 repl.) 
1 (1 plate) * : 
TR GER Dee Ss 


0 (9 repl. )* 59 55 68 98(14 ” ) 


No. mammalian cells, 3000 


No. bacterial cells, 
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Exp. 2: 


Filtr.-baet. mix.: Undil. >300 >300 


Dil. 1:5 122 te LOT OT 


Rat cell extract (CEFN) ————, ———_————. H,O0 —————___ 
20 (5 repl.) * 


No. mammalian cells, 1200 


No. bacterial cells, 


Exp. 3: 
Filtr.-bact. mix. : 


Und. 150) > 156 S150 
Dil t-5 32 34 = 336 


Guinea pig cell extract 


0 (4repl.)* +300 >300 >300° 1+ 
Dee OG (Gre ees) 114 abit 103 155 ( 9 repl.) 
1 
a Or 
>150 S150) 150 S150 >150 


34 (9 repl. ) 32 33 30 44 (16 repl.) 


No. mammalian cells, 5000 


No. bacterial cells, 


1 


* No inerease in No. of colonies after 6 weeks’ 


9 Ke sonic oscillator until microscopic exam- 
ination revealed only granules with no whole 
cells (5 to 10 minutes). Glass-distilled water 
was then added to make suspensions corre- 
spond to 45 to 55 x 10° cells/ml, sediment was 
removed by | hour’s centrifuging at 20,000 g 
and 1.5 to 2.5 ml of supernate was sterilized 
by filtration through a millipore (MF) pad 
using the Swinney adapter. A corresponding 
quantity of glass-distilled water was similarly 
filtered as control for each experiment. Anti- 
bacterial tests were performed as follows: 
Test organisms: Mycobacterium tuberculosis 
var. hominis, strain H37Ra. Five-day cul- 
tures in Proskauer and Beck type medium 
containing bovine serum albumin and Tween 
80® for dispersed growth, were centrifuged 
lightly to remove clumped bacteria. The top 
layer of supernatant was diluted 1:200 in 
0.005M phosphate buffer, pH 6.8, containing 
albumin and Tween 80®. Diluted culture 
was added to cell extract or water filtrate in 
1 to 4 parts. Immediately, 0.02 ml amounts 
of each mixture were cultured in replicate on 
coagulated egg medium.  Filtrate-bacteria 
mixtures were then diluted 1:5 in phosphate 
buffer-Tween 80®-albumin and similarly cul- 
tured in replicate. When surface of medium 


incubation. 


was dry, plates were sealed in polyethylene en- 
velopes or saran wrap and incubated for 
growth. Replicate cultures of filtrate-bacteria 
mixtures were repeated after 1, 24 and 48 
hours at 37°C. Colonies were counted at in- 
tervals after 2 to 6 weeks’ incubation. 


Results. It is evident from Table I that 
many tubercle bacilli were rendered non-cul- 
tivable after 24 hours’ contact with extract 
of normal rat cells and that 48 hours’ contact 
resulted in practically complete inhibition. In 
contrast, 48 hours’ incubation in normal 
guinea pig cell or distilled water filtrate had 
no effect; the number of bacteria in water 
controls appeared to increase slightly. 


Extract of a relatively large number of 
mammalian cells was employed per single bac- 
terial cell. Rat cell filtrate effectively inhib- 
iting bacteria in a ratio of 1200 to 1, lost its 
inhibitory effect under our conditions when 
diluted 10 times prior to addition of bacteria. 

Differential counts (Giemsa stained, at least 
500 cells counted) revealed that 90 to 95% of 
cells from both animal species were ‘‘large 
mononuclear” cells. Suspensions from rats, 
however, were characterized by 4 to 6% large 
granular basophilic mast cells, absent in 
guinea pig cell preparations. The latter more 
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FIG. 1. 


characteristically contained a comparatively 
larger percentage of eosinophilic-staining mac- 
rophages than those from rats. 

Analyses for protein content by biuret and 
microkjeldahl methods indicated that soluble 
cell material (7.e., supernate of centrifuged 
lysates) from rat cell preparations had some- 
what less protein (corresponding in different 
groups of rats to approximately 40 mg/1 x 10° 
cells of original suspensions) than guinea pig 
cell preparations (about 50 mg/1 x 10° cells). 
Membrane filtration for sterilization resulted 
in only a slight decrease in protein content of 
extracts of cells from both species. 

Discussion. Most previous attempts to ob- 
tain antibacterial substances from leukocytes 
have been made with polymorphonuclear cells 
(see Skarnes and Watson(6) for review). 
However in a report concerned mainly with 
extracts of normal rat spleen, Bloom, Hudgins 
and Cummings(7) briefly described tubercu- 
lostatic activity of cells of peritoneal exudates 
obtained from rats 48 hours after injection of 
mineral oil. These exudates contained “large 
numbers of monocytes.” The decrease in 
number of viable mycobacteria reported by 
these investigators appeared to be of the same 
order as that obtained in our experiments. 

Rich stated that it had never been demon- 
strated that extracts of mononuclear phago- 
cytes had a deleterious effect on survival or 
multiplication of tubercle bacilli(8).  Al- 
though with certain bacteria it is not dif- 
ficult to demonstrate a weak in vitro bac- 
tericidal effect of phagocytes by using con- 
centrated extracts from masses of phagocytes, 
he believes that such activity is of little sig- 
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nificance in killing of ingested bacteria a vivo. 
This view may be essentially correct since it 
appears likely that a combination of effects, 
rather than a single agent, is responsible for 
inhibition of intracellular bacteria by macro- 
phages. One factor in a complex interreaction 
might be a growth-inhibiting chemical. Hirsch, 
for example, stated that at least 3 potentially 
bactericidal substances appear to be present 
in polymorphonuclear cytoplasm: acid, lyso- 
zyme and phagocytin, present information 
suggesting that these agents may act syner- 
gistically(9). The possibility of this renders 
the disproportion between numbers of mam- 
malian and bacterial cells of less significance. 
Further work may indicate that amount of 
extract used in the present experiments is suf- 
ficient for a greater number of bacteria. Opti- 
mum conditions for maximum activity of this 
property of rat cell extracts have not yet been 
established. Hirsch has shown that number 
of bacteria present does not strikingly affect 
activity of phagocytin on enteric bacteria. 

The main cytological difference between rat 
and guinea pig peritoneal exudates, i.e., mast 
cells in the former, induces speculation con- 
cerning the source of the antibacterial prop- 
erty of these preparations. Should it prove 
to be the mast cell, the significance of this 
activity in destruction of intracellular bacilli 
by macrophages might be questioned. How- 
ever it has been suggested that mast cells are 
merely _polysaccharide-laden macrophages 
(Higginbotham and Dougherty, quoted by 
Padawer(10)). In this connection, it is in- 
teresting that many antibacterial substances 
extracted from tissues are of the nature of 
basic proteins or basic peptides(6). 

Summary and conclusions. 1) Membrane- 
filtered water-soluble constituents of sonic- 
disrupted cells from peritoneal exudates of 2 
strains of albino rats exert a definite inhibi- 
tory effect on cultivability of Mycobacterium 
tuberculosis, strain H37Ra, in phosphate buf- 
fer at pH 6.8 on 24 hours’ contact at 37°C, 
inhibition being almost complete. after 48 
hours incubation. 2) Similarly treated ex- 
tracts of cells from peritoneal exudates of nor- 
mal guinea pigs standardized in the same man- 
ner have no effect. 3) Differential cell counts 
of preparations from which extracts were 
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made indicated that 90 to 95% of cells in 
exudates from both species were “large mono- 
nuclear” macrophages. Rat exudates, how- 
ever, contained 4 to 6% mast cells, absent in 
guinea pig exudates. The significance of mast 
cells in antibacterial activity noted was not 
determined in the work reported here. 
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The spread of indicators such as india ink 
or hemoglobin in the dermis of test animals is 
increased by 2 types of so-called spreading 
factors(1). The first type is hyaluronate- 
active and includes hyaluronidase and other 
substances which act by depolymerization of 
hyaluronic acid gel; the second type is the 
hyaluronate-inactive spreading factors which 
do not exhibit this activity in vitro or in dead 
skin. Several mechanisms have been proposed 
to account for the spreading effect of hyal- 
uronate-inactive spreading factors. These 
are: a) liberation of bound hyaluronidase 
from skin(2); b) action through alteration of 
another component of the dermal barrier, dif- 
ferent from hyaluronic acid(3); or c) produc- 
tion of inflammatory exudate with subsequent 
edema(4). 

This paper deals with observations made 
during studies on biologic activities of endo- 
metrial secretions (uterone) obtained by cer- 
vical ligation in mice(5), revealing that 
crude uterone enhances intradermal spread 
of india ink. Experiments were designed to 


* Aided in part by grant from Tobacco Industry 
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quantitate the spreading effect of uterone and 
to elucidate its mechanism. 

Methods. Animals. Mature male and fe- 
male mice of RFM and BALB/c strains, 2-3 
months of age, were kept in animal rooms of 
Jackson Memorial Laboratory and fed tap 
water and purina chow ad libitum. Materials. 
Uterone was obtained from mice of the same 
strain as that of test animals. Before its use 
in experiments with BALB/c mice, uterone 
was lyophilized and reconstituted with sterile 
Ringer’s solution to concentrations varying 
from one-third to 9 times that of the original 
uterone. On completion of each experiment, 
sterility of uterone was ascertained by culture 
on blood agar plates to establish absence of 
extraneous bacterial spreading factors. India 
ink was diluted with Ringer’s solution 1:3 and 
1:7. Hyaluronidase was commercial prepa- 
ration No. 214004 (Wydase, Wyeth), diluted 
in Ringer’s solution to the desired concentra- 
tion. Control serum, known to contain no 
spreading factor(3), was obtained from RFM 
mice and used fresh. Procedures. Spreading 
of india ink was determined by measuring 
area of spread of intradermally injected india 
ink, using a tuberculin syringe and gauge 27 
needle to introduce the substance to be tested 
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TABLE I. Comparison in RFM Males of Surface Areas of Ink Spots Resulting from Intra- 
dermal Spread of India Ink Suspended in Mouse Serum (RFM), Uterone (REM) and Various 
Concentrations of Wydase. 

See ———— eee 


Serum REM uterone 


6 units 


Wydase——————_ 


12 units 50 units 100 units 


Mean spread, em? 1.14 1.87 


1.55 2.86 3.40 3.90 


(1.02-1.40) (1.49-2.12) (.92-2.16) (2.60-3.08) (3.24-3.63) (3.30-4.62) 


( ) = Range. 


together with india ink into a shaved area on 
flank of the mouse. Total injected volume 
was 0.1 ml. The animals were killed and 
skinned 12 hours after injection. The skin 
containing the ink bleb was placed on a trans- 
illuminated glass plate, subcutaneous tissue 
facing the observer, and its borders were 
traced on a sheet of transparent ‘“‘Lucolite 11- 
6.” The traced plastic areas were cut out 
and weighed. Conversion of weights thus ob- 
tained into area of spread was made by divid- 
ing weights of traced plastic areas by weight 
of plastic area measuring exactly 1 cm*°. 
1. Spreading effect of commercial hyaluroni- 
dase was determined in 27 RFM males divided 
into 6 groups receiving india ink marker con- 
taining 6U, 12U, 50U, and 100U of hyaluroni- 
dase. The spread obtained was compared with 
that resulting from serum or Ringer’s solu- 
tion. 2. Spreading effect of RFM uterone 
was measured in 5 RFM males receiving india 
ink and fresh RFM uterone and was com- 
pared with results obtained in 6 RFM mice 
receiving india ink and serum. 3. Spreading 
effect of BALB/c uterone (Lyophilized) was 
measured in 34 BALB/c mice (19 males, 15 
females). These animals were divided into 
4 groups (females) and 5 groups (males) and 
given india ink marker and uterone made of 
the following concentrations: original concen- 
tration (2.43 g of solid/100 ml), and approxi- 
mately one-third, one-half, 2 and 9 times the 
original concentration. Results were com- 
pared with the spread obtained in 3 males 
and 3 females with india ink and serum. 4. 
Spreading effect of BALB/c uterone and 
commercial hyaluronidase combined. Eight 
BALB/c males were given india ink and 6 
units of hyaluronidase dissolved in lyophilized 
BALB/c uterone reconstituted to its original 
concentration. 5. Spreading effect of BALB/ 
c uterone in dead BALB/c skin. India ink 
marker and BALB/c uterone reconstituted to 


5 times its original concentration was injected 
into BALB/c skin one hour after killing the 
animal, and compared with spreading of india 
ink containing Ringer’s solution and 15U of 
commercial hyaluronidase. The skin was 
fixed in formaldehyde 30 minutes later. 6. 
Spreading of india ink in rabbit skin in rela- 
tion to time as influenced by hyaluronidase, 
mouse uterone and ovomucoid. Rabbits were 
used because they are the standard assay 
animal for spreading factor, and permit nu- 
merous spots to be studied and biopsied in the 
same animal in rapid succession. Flanks of 
male rabbits were shaved and india ink con- 
taining the following materials was injected: 
a. 30 units of commercial hyaluronidase; b. 
15 units of commercial hyaluronidase; c. 
BALB/c mouse uterone 1.3 times original 
concentration or d. BALB/c mouse uterone, 9 
times original concentration; e. ovomucoid, 
2.5 g/100 ml; f. saline. The resulting spots 
were traced on plastic sheets placed over the 
skin at intervals: of: 1’, 2’; 5’, 10") 20°'3603 
90’, and 18 hours. Another rabbit was treated 
in a similar fashion, except that no india ink 
was used. In this animal 3 injections were 
made for each substance and biopsies were 
taken 5 minutes, 20 minutes, and 24 hours 
after injection. These tissues were fixed in 
formaldehyde and sections were prepared and 
stained with hematoxylin-eosin. A similar 
experiment was done in Swiss mice using uter- 
one obtained from the same strain. 7. In 
vitro assay of uterone for depolymerization of 
hyaluronic acid. The viscosity reduction 
method described by J. Madinaveitia and T. 
H. H. Quibell(6) was followed using vitreous 
body hyaluronic acid as a substrate and an 
Oswald viscometer Kimble, size No. 200. 
Results are shown in Tables I and II and 
Figs. 1 and 2. The results indicate that 
commercial Wydase enhances the spreading 
of india ink in the dermis of mice much as it 
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TABLE IT. Comparison in BALB/e Males and Females of Surface Areas of Ink Spots Resulting from 
Intradermal Spread of India Ink Suspended in Mouse Serum (RFM), Uterone (Lyophilized BALB/« 
Reconstituted to Varying Concentrations) and the Same Uterone Reconstituted to ‘Original Concentra- 
tion Combined with 6 Units Wydase. 
———————————_—_e—e—eee—EFyxE»~ESE>E=E—s 


BALB/e uterone 


BALB/e 


—_— 


— uterone (1.1N) 


Serum ON ON 11N 2.2N 9.0N + 6u Wydase 
Mean spread in 1.24 1.00 1.16 1.57 1.63 2.47 2.68 
males, em? (1.16-1.31) (.91-1.10) (1.08-1.20) (1.41-1.73) (1.27-2.10) (2.30-2.73) (2.03-3.40) 
Mean spread in 95 1.40 1.15 1.70 1.69 
females, em? (.75-1.09) (1.30-1.46) (.91-1.29) (1.63-1.74) (1.31-1.91) 
( ) = Range. 


does in the rabbit which has previously been 
used as a test animal to measure spreading 
factors. The intradermal injection of murine 
uterone from BALB/c and RFM mice en- 
hances spreading of india ink in BALB/c and 
RFM mice (Fig. 1 and Table I and II). 
BALB ‘c uterone potentiates spreading effect 
of Wydase in BALB/c male mice. The same 
BALB/c uterone which had these spreading 
effects in vivo did not enhance spreading 
when injected into dead BALB/c skin. Vis- 
cosimetric studies showed that BALB/c uter- 
one does not depolymerize hyaluronic acid 
in vitro. 

In rabbits, Wydase caused a rapid initial 
enhancement of spreading of india ink, where- 
as ovomucoid and uterone resulted in a much 
slower progressive enhancement of spread 
(Fig. 2). Histologic study in rabbits and 
mice revealed that this was accompanied by 
edema and inflammation of dermis while no 
such changes were seen with Wydase. 


HREAD, CO 


SURFACE OF SPREAD,cm? 


SURFACE OF SPREAD Cm? 


BALB/c UTERONE 


FIG. 1. Bar graph expressing avg area of spread 
of india ink (and range) following intradermal inj. 
of substances listed on abscissa. 


INTRADERMAL SPREAD OF INDIA INK IN RABBITS,RELATED TO TIME 


TIME ELAPSED 
AFTER INJECTION 


FIG. 2. Comparison of development of spreading 
area related to time following inj. of saline, hyalu- 
ronidase, ovomuecoid and uterone with india ink 
marker into dermis of rabbit. Note rapid spread- 
ing of hyaluronidase during first minutes compared 
to slow and progressive spread caused by ovomn- 
coid and uterone. Also note shrinkage of sprea:l- 
ing area at end of experiment in case of uterone 
and oyomucoid. 


Discussion. Murine uterone was shown to 
enhance spread of intradermal india ink and to 
potentiate the spreading effect of commercial 
hyaluronidase. This appears to be caused 
not by hyaluronidase activity, but by some 
other mechanism. Histologic observations 
made in rabbits and mice indicate that Hech- 
ter’s explanation of edema and inflammation 
as hyaluronate-inactive spreading mechan- 
isms applies to this situation(4). Potentiation 
of Wydase by uterone could be explained by 
increase of intradermal pressure caused by in- 
flammation with ensuing wider diffusion of 
the enzyme and therefore a greater spread. 
The hyaluronate-inactive nature of uterone 
spreading factor is considered to be all the 
more likely since ovomucoid, a mucoprotein 
which shares many physical and chemical 
properties of uterone, causes in the rabbit 
an enhancement of spreading of india ink 
comparable to that observed with uterone. 
It may be noted here, as previously described 
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by Hechter, that curves relating spreading to 
time are of 2 distinct types, one with rapid 
onset and S-shaped slope for the enzymatic 
spreading factor, the other typical for hyal- 
uronate-inactive spreading factor with slowly 
ascending, progressively mounting slope. In 
addition, we noted that the area of ink spot 
retracts after 24 hours where inflammation 
and edema were instrumental in causing 
spreading. This type of curve was obtained 
repeatedly at various dosages of uterone and 
with several experiments done at different 
times by different observers. Uterone does 
not exert its spreading effect in dead skin, 
where inflammation and edema no longer oc- 
cur but where enzymatic activity of injected 
hyaluronidase still is effective. 

Summary. A spreading factor is contained 


Question of Purity of Erythropoietic Factor Concentrates.* 


in uterone which may be classified as a hyal- 
uronate-inactive spreading factor exerting its 
effect through inflammation and edema. The 
nature of the component of uterone responsi- 
ble for provoking inflammation remains to be 
determined and may well be a mucoprotein. 
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There is now much evidence for a circulat- 
ing erythropoietic factor and attempts have 
been made to concentrate it. Active material 
in plasma of rabbits made anemic with phe- 
nylhydrazine can be precipitated by am- 
monium sulfate and has been associated with 
a mucoprotein fraction(1,2,3). We prepared 
ethanol precipitates from anemic plasma ac- 
cording to Grant et al.(4)+ and found them 
similar to concentrates made with ammonium 
sulfate. The stimulating factor found in 
urine of certain anemic patients is probably 
of the same nature as that found in anemic 
animals(5). This report compares certain 
properties and potencies of various active 
preparations made in 4 different ways. 

Materials and-methods. One preparation 
was from human urine(6),! the rest from 
plasma of anemic rabbits. These also were 

* This work was supported in part by Office of 
U.S. Naval Research Contract and by the following 
grants’ AEC, U.S.P.H.S., Cancer Soc., Nat. Science 
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compared to a preparation made from plasma 
of normal rabbits. Starting material (PF) 
for some fractions was the filtrate obtained 
after boiling plasma at pH 5.5 for a few min- 
utes(7). It contained only about 2% of 
plasma protein. We have shown that injec- 
tions of unboiled plasma provoke immunologi- 
cal reactions which interfere with tests lasting 
10 days or 2 weeks. After boiling there is no 
interference(3). The different preparations 
compared were: 1. PF from rabbits made 
anemic with phenylhydrazine was _precipi- 
tated with 1.5 volumes of absolute ethanol. 
After 2 hours at 5°C the precipitate was re- 
moved in the centrifuge and an equal volume 
of absolute ethanol was added to supernatant. 
After 16 hours at 5°C it was centrifuged, the 
supernatant was poured off and the precipitate 
dried in a desiccator(4). About 25% of the 
protein and all erythropoietic activity of 
anemic PF was recovered in this fraction. In 
one case the yield was about 350 mg/l of 
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TABLE I. Erythropoietie Activity of Various Preparations. Each assay was made with 6 mice 
or 4+ rats, except where noted. 


Assay 


Hemoglobin in normal rats 


Reticulocytes in nor- 
after 12 doses 


mal mice after 3 doses 


He uptake in fasted 
rats after 3 doses 


: SS oF Hemoglobin, 
Preparation Reticulo- 2% 
and souree Dose cytes, Yo Dose Fe™, % Dose Dayl Day 15 
Saline 1.0 ml 2.1 2.0 ml 5.1 5.0 ml 14.7 14.2 
PF anemie rabbit 2.0252 9.0 2.0 ¥ 32.0 5.6 2 14.3 17.3 
plasma 
1 Idem .05 mg 4.0 .06 mg 9.7 
25 ok 24 22.3 
2.0 nike 6 38.2 
i 05 5.4 5 14.2 2.16 mg 14.2 a 7feak 
18 10.2 
= i .06 6.5 93 21.5 
18 8.6 
4 Human urine 1 4.8 1.0 25.6 2.5 14.5 16.9f 
5 8.5 
5 Idem 1.5 30.3 
6 Normal rabbit 1.3 2.1 9.0 6.1 
plasma 


* 1 ml PF contains 1.0-1.5 mg protein. 


plasma. Nos. 2 and 3 were made from a frac- 
tion of anemic rabbit plasma, insoluble be- 
tween 50-80% saturation of ammonium sul- 
fate(2,3). 2. Material insoluble between 50- 
80% saturation of ammonium sulfate was 
boiled and a fraction soluble in 70% am- 
monium sulfate prepared as previously de- 
scribed(2,3). The yield was 100-130 mg/l 
of plasma. 3. Material insoluble between 50- 
80% saturation of ammonium sulfate was 
dialysed, boiled at pH 5.5 in 0.9% NaCl, the 
pH changed to 7.5, concentrated till protein 
was 1.4 mg/ml and precipitated with ethanol 
asin No. 1. The precipitate contained 25% of 
the protein and all activity of the filtrate after 
boiling. The yield was 180 mg/1 of plasma. 
4. Urinary preparation. This was the residue 
from ultrafiltration of urine of a patient with 
paroxysmal nocturnal hemoglobinuria.+ 5. 
The same as 4, boiled 5 minutes. 6. Made 
the same as 1, but from plasma of normal rab- 
bits. About 25% of the protein of boiled 
plasma was recovered. Yield about 300 mg/1 
of plasma. Preparations 1, 2 and 3 from 
anemic rabbit plasma and 6 from normal 
plasma, all of which had been boiled in the 
presence of all or much of the plasma proteins, 
showed the same main band in paper electro- 
phoresis (pH 8.6, 0.05M verona!) with a mo- 


+ Redueed in vol. $ 2 rats only. 


bility slower than albumin and faster than 
a;-globulin. Preparations 4 and 5 from urine 
showed a main band between a,- and as- 
globulin which after boiling was displaced 
to the origin. Activity of different frac- 
tions was tested by injecting them sub- 
cutaneously into mice or rats and by using 
the following assays: reticulocytes in normal 
mice after 3 daily injections(3), Fe®® uptake 
in fasted rats after 3 daily injections(8), and 
circulating hemoglobin concentration after 2 
weeks of injections(7). 

Results. Preparations 1, 2, 3, 4, and 5 
all have activity by whichever method was 
used to test them. The effective dose was of 
the same order of magnitude for all 5 in mouse 
reticulocyte and rat Fe°? uptake assays (Ta- 
ble I). 

In preparation 6 from normal rabbit plasma, 
we found no activity even at the high dose 
shown. This preparation can best be com- 
pared with 1, as they were made in the same 
way, yet 6 showed no activity at doses more 
than 20 or 30 times greater than 1. 

Discussion. Isolation of such similar frac- 
tions of widely different effectiveness raises 
questions. The activity can be concentrated 
in a fraction containing highly soluble muco- 
proteins. It may be due to a special muco- 
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protein found only in anemic animals or to 
something not a mucoprotein. Because of the 
proteolytic destruction of activity(2,9) it is 
likely that it is of peptide nature or has such 
material as a necessary cofactor. Association 
with a different protein could account for the 
different electrophoretic behavior of the uri- 
nary material. Activity might be present in 
normal plasma but may not be separable by 
the methods effective with anemic plasma. 


Summary. The bulk of erythropoietic ac- 
tivity of anemic plasma can be concentrated 
in a fraction which represents less than 0.5% 
of plasma proteins. Yet from the similarity 
in yield and electrophoretic behavior of the 
corresponding inactive fraction from normal 
plasma, it appears likely that the erythro- 
poietic factor constitutes only a small portion 
of the present concentrates. 
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Since the observation that heparin injected 
in vivo Cleared alimentary lipemia in dogs(1), 
much work has been done in elucidating the 
mechanism of this phenomenon. It has sub- 
sequently been demonstrated that heparin- 
activated clearing factor is a plasma lipopro- 
tein lipase which acts upon the triglyceride 
moiety of plasma lipoproteins to hydrolyze 
them to free fatty acid and glycerol(2,3). 
These studies have evoked increased efforts 
to relate concentration of this lipase to dis- 
orders of lipid metabolism(4), particularly 
atherosclerosis(4,5). In each instance, em- 
phasis has been placed upon a decreased clear- 
ing factor or lipoprotein lipase response. 
Methods used in measuring lipoprotein lipase 
response or concentration have varied widely. 
Consequently, until recently, no attempt had 
been made to determine mean clearing factor 
response for a given ‘‘normal” population. A 


* This investigation was supported in part by a 
research grant from Nat. Heart Inst., P.H.S. 


standardized in vitro method has been devel- 
oped for determining clearing factor concen- 
tration and has been applied to an agewise 
study of a presumably “normal” population 
(6). Inasmuch as no significant agewise re- 
gression was found in clearing factor response, 
a mean for this population was established. 
In this study, it was incidentally observed 
that patients with primary diagnoses of 
chronic alcoholism and/or Laennec’s cirrhosis 
demonstrated a significantly increased clear- 
ing factor response(7). In view of the ob- 
servation that there is a lesser incidence of 
atherosclerosis in patients diagnosed as Laen- 
nec’s cirrhosis, more extensive studies have 
been made on a larger group of subjects re- 
ported herewith. In a small group of patients 
with recent myocardial infarction (presump- 
tive evidence of coronary atherosclerosis) 
evaluated in the original study, no significant 
difference in clearing factor response was ob- 
served when tested against the normal popu- 
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lation in the same age decades. The fact re- 
mains, however, that none of the “normal” 
subjects could be said to be absolutely free of 
atherosclerosis, particularly in ages 40 to 69 
years studied. Consequently, for comparative 
purposes, and to evaluate their clearing factor 
response, patients with recent myocardial in- 
farction have also been included in the group 
evaluated in this study. 

Material and methods. Subjects. One 
hundred patients were selected without re- 
gard to age or sex from Medical Services of 
Cook County Hospital. Basis for selection 
was hepatic pathology of any etiology, jaun- 
dice, or recent myocardial infarction. One 
patient evaluated manifested the nephrotic 
syndrome. Twenty-nine patients demon- 
strated clinical and laboratory evidence of 
Laennec’s cirrhosis. Heparin Sodium, 3 mg 
in 5 ml of isotonic salinet injected intraven- 
ously, was used as clearing factor (lipopro- 
tein lipase) stimulus. Lipoprotein lipase re- 
sponse. The standardized in vitro Baker 
method for determination of clearing factor 
concentration(7) was employed. Preparation 
of samples. Fifteen milliliter control and 8- 
minute post-heparin blood samples were ob- 
tained from all subjects after overnight fast 
(at least 12 hours post-prandial). These 
samples were immediately mixed with dried 
sodium oxalate (1 mg/ml blood) and cooled 
to O°C in ice bath. Plasma was separated by 
centrifugation at O°C. It was subsequently 
kept at O°C or frozen until used. Substrate. 
One % emulsion of coconut oil (Ediol) + fresh- 
ly prepared with distilled water was used as 
substrate. Three-tenths milliliter of this emul- 
sion was added to and thoroughly mixed with 
a 4.5 ml aliquot of post-heparin plasma, which 
had been previously incubated for 10 minutes 
in water bath at 30° + 1°C. This propor- 
tion, in general, gave an initial optical density 
reading between 0.6 and 0.7 against distilled 
water on Beckman Model DU Spectropho- 
tometer, with microcuvettes (2.5 x 10 x 25 
mm) at 6500 A. The post-heparin plasma- 


+ The authors wish to acknowledge the courtesy of 
Dr. E. A. Hawk of the Upjohn Co. in supplying 
heparin. 

¢{ Ediol was kindly supplied by Mr. Robert E. 
Sullivan of Schenlabs Pharmaceuticals. 


TABLE I, Inereased Lipoprotein Lipase Response 
in Laennee’s Cirrhosis. 


No. of 


Diagnosis subjects Meank Range of k 
Laennec’s cirrhosis 29 1.16 .37-2.25 
** Normal’? 84 74 .138-1.40 
Infectious hepatitis 1] 58 .00—2,.12 
Recent myocardial 12 8 .06-1,.24 

infaretion 
Obstructive jaundice 6 33 .00— 86 


k is rate of decrease of optical density/hr. This 
is directly proportional to lipoprotein lipase (clear- 
ing factor) concentration in standardized in vitro 
assay method(6,7). 


fat emulsion mixture was kept at 30°C for 
one hour. During this time, optical densities 
were read every 5 minutes on 0.3 ml aliquots 
of the mixture. Optical densities of control 
plasma-fat emulsion mixtures were similarly 
determined. All samples were run in dupli- 
cate. Clearing factor (lipoprotein lipase) 
concentration. A graph of optical density ver- 
sus time was then plotted for each sample. To 
this plot, a straight line was fitted at the sec- 
tion demonstrating greatest rate of change in 
optical density. The negative slope of this 
line, k (decrease in optical density /hour), was 
taken to represent rate of clearing of post- 
heparin plasma, which, in turn, is directly pro- 
portional to lipoprotein lipase concentration. 
Evaluation of hepatic status. Comprehensive 
laboratory tests on aliquots of control blood 
samples included total and esterified choles- 
terol, serum bilirubin, icterus index, BSP, to- 
tal proteins, albumin/globulin ratio, cephalin 
flocculation, thymol turbidity, gamma globu- 
lin turbidity, and alkaline phosphatase. Total 
serum lipids and lipid phosphorus were also 


determined on aliquots of control blood 
samples. 
Results. These studies have confirmed the 


presence of an increased clearing factor or 
lipoprotein lipase response in Laennec’s cir- 
rhosis. Table I demonstrates the increased 
clearing factor or lipoprotein lipase response 
in patients with Laennec’s cirrhosis as com- 
pared with “normal” subjects, patients with 
infectious hepatitis, recent myocardial infarc- 
tion, and obstructive jaundice. As described 
in the original study(6,7), & (decrease in op- 
tical density/hour) is directly proportional to 
clearing factor or lipoprotein lipase concen- 
tration. Clearing factor response was evalu- 
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ated in terms of total serum lipids and lipid 
phosphorus, the former being generally low 
(below 600 mg/100 ml) in Laennec’s cir- 
rhosis. There appeared to be no correlation, 
however, between clearing factor response and 
levels of total serum lipids or lipid phosphorus 
in Laennec’s cirrhosis. Serum total choles- 
terol generally ranged below 200 mg/100 ml. 
Per cent of serum cholesterol esters was al- 
most uniformly low, being below 50% (below 
75 mg/100 ml). 

Clearing factor response and serum choles- 
terol/lipid phosphorus ratio in Laennec’s cir- 
rhosis are being more extensively investigated. 
When compared with Laennec’s cirrhotics, a 
small group of patients with recent myocar- 
dial infarction demonstrated a higher choles- 
terol/lipid phosphorus ratio with a lower lipo- 
protein lipase response. 

It has been observed that the hypoalbu- 
minemia of the nephrotic syndrome markedly 
decreases clearing factor response(8) and that 
this decrease may be corrected by infusion 
of serum albumin. A single case of nephrotic 
syndrome (serum albumin 2.8 g/100 ml) 
demonstrated an almost negligible clearing 
factor response, which is in accordance with 
these observations. In patients with Laen- 
nec’s cirrhosis, however, hypoalbuminemia 
produced no depressant effect upon clearing 
factor response, the greatest response being 
observed with serum albumin below 3.0 g¢/100 
ml. 

Lipoprotein lipase response in patients with 
other types of hepatic pathology such as in- 
fectious hepatitis, homologous serum jaundice, 
and obstructive jaundice has been variable. 
Observations on relatively small groups of pa- 
tients to date permit no conclusions at this 
point. However, it may generally be stated 
that clearing factor response in these diseases 
does not appear to be elevated as in Laennec’s 
cirrhosis. 


LIpoprRoTEIN Lipast RESPONSE IN LAENNEC’S CIRRHOSIS 


Discussion. Perfusion experiments in rats 
have demonstrated that normal rat liver inac- 
tivates or attenuates clearing factor(9). It 
is, therefore, suggested that the increased 
clearing factor or lipoprotein lipase response 
in patients with Laennec’s cirrhosis is related 
to their parenchymal liver cell damage. The 
intriguing possibility that parenchymal liver 
cell damage, either acute or chronic, may be 
reflected by concentration of heparin-activated 
lipoprotein lipase in plasma is currently being 
investigated. The possible inter-relationship 
between clearing factor response, cholesterol/ 
lipid phosphorus ratio, lipid metabolism and 
atherosclerosis is also being explored. 

Summary. 1. Increased lipoprotein lipase 
response has been observed in patients with 
Laennec’s cirrhosis. 2. When compared with 
Laennec’s cirrhotics, a small group of patients 
with recent myocardial infarction (presump- 
tive evidence of coronary atherosclerosis) 
demonstrated a higher serum cholesterol/lipid 
phosphorus ratio with a lower lipoprotein 
lipase response. 3. Hypoalbuminemia in 
Laennec’s cirrhosis produced no depressant ef- 
fect on lipoprotein lipase response. 4. Other 
types of hepatic pathology and jaundice have 
demonstrated a variable lipoprotein lipase re- 
sponse, but mo apparent increase. 
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Meconium ileus, thought to be an early 
manifestation of the more generalized disease, 
mucoviscidosis, is a congenital disorder of the 
newborn in which abnormally viscous meco- 
nium obstructs the infant’s intestinal tract. 
Until recently, little information has been 
available concerning the chemical nature of 
this abnormal meconium. In a comparative 
study of the composition of normal and ab- 
normal meconium, Buchanan and Rapoport 
(1) found the latter to contain a greater 
amount of nitrogen, most of which was tri- 
chloroacetic acid (TCA) precipitable. While 
work was in progress in the authors’ labora- 
tory, Green ef al.(2), reported results of pa- 
per electrophoretic analyses which demon- 
strated the presence of human serum albumin 
and what appear to be small amounts of al- 
pha, beta, and gamma globulin in meconium 
from patients with meconium ileus. The 
present study was directed toward elucidation 
of the nature and origin of the viscous me- 
conium in this disease. 

Materials and methods. A sample of me- 
conium was obtained, at surgery, from a 2- 
day-old infant suffering from meconium ileus. 
Soluble components of abnormal meconium 
were dissolved by stirring with water over- 
night at 5°C. The resulting suspension was 
centrifuged at 10,300 * g for 30 minutes. 
The supernatant solution (Sol. I) was clear 
and dark green. Addition of 10% TCA to 
Sol. I resulted in formation of a heavy pre- 
cipitate. 

Results. After dialysis of Sol. I against 
water, it was dialyzed against 2 1 of pH 8.60, 
ionic strength 0.1, barbital buffer and sub- 
jected to electrophoresis with the Tiselius ap- 
paratus supplied by Frank Pearson Associ- 
ates. Fig. 1 (Top) is a schlieren scanning 
diagram(3) of the boundaries after 172 min. 

* This study was supported by Grant No. RG 
2941 from Nat. Inst. of Health, U.S.P.H.S. 

+U.S.P.H.S. Post-Sophomore Research Fellow, 
1957-1958, Present address: Duke Hospital, Durham, 
Nz, 


at 5.23 v/cm. Planimetry of this pattern 
gives the following percentages of total pat- 
tern area, exclusive of salt boundary, for each 
component: A, 69.5%; B, 17.4%; and C, 
13.1%. Semi-micro Kjeldahl analyses, per- 
formed on Sol. I and on supernatant solution 
obtained after precipitation of the protein in 
Sol. I with TCA, indicate 8.0% of dry weight 
of meconium to be water soluble, TCA pre- 
cipitable nitrogen. If the protein present is 
16% nitrogen by weight, it follows that 50% 
of dry weight of meconium is water soluble, 
TCA precipitable protein. In agreement with 
Green et al.(2), normal meconium was found 
to contain no TCA precipitable protein. 
Boundaries A, B, and C migrate in a fashion 
characteristic of albumin and alpha and beta 
globulin respectively in pH _ 8.60, ionic 
strength 0.1, barbital buffer. These results 
are in agreement with those reported elsewhere 
(2), but the present study does not demon- 
strate a boundary corresponding to gamma 
globulin. 


Because it is known that the fetus swallows 
amniotic fluid at least as early as fifth month 
of intrauterine life(4), it was believed that 
proteins present in meconium may have origi- 
nated from swallowed amniotic fluid.  Ac- 
cordingly, samples of amniotic fluid were ob- 
tained from apparently normal healthy 
females at parturition.t A small amount of 
insoluble material was removed by centrifu- 
gation at 25,500 * g for 20 minutes. The 
supernatant solution was then concentrated 
5 times by pervaporation. After dialysis 
against water and then against pH 8.60, ionic 
strength 0.1, barbital buffer, the concentrated 
amniotic fluid was analyzed by electrophore- 
sis. Fig. 1 (Bottom) shows the pattern after 
95 min. at 7.85 v/cm. Planimetry of this 
pattern gives the following component per- 
centages: D, 64.8%; E, 22.4%; and F, 


+ We express our gratitude to Dept. of Obstetrics 
and Gynecology, Duke Univ. Medical Center for 
supplying amniotic fluid specimens. 
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FIG. 1. (Top) Electrophoretic pattern of Sol. I. 


(Bottom) Electrophoretic pattern of amniotic fluid. 
S denotes salt boundary. 


12.9%. Similar results have been reported 
elsewhere(5). 

The 2 proteins forming boundaries A and 
D were purified from Sol. I and amniotic 
fluid by the technic of Schwert(6). The iden- 
tity of these proteins with human serum al- 
bumin was indicated by their similar electro- 
phoretic mobilities and sedimentaton con- 
stants and was confirmed by Ouchterlony 
technic(7) of double diffusion in agar em- 
ploying solutions of these proteins and rab- 
bit antibody to human serum albumin. 


To determine the effect of added protein 
on plastic properties of normal meconium, a 
pooled sample of meconium from 2 apparently 
normal newborn infants was lyophilized and 
dry weight determined. The lyophilized me- 
conium was then divided into 2 portions. To 
one was added crystalline human serum al- 
bumin (Cohn Fraction V) such that its con- 
centration in normal meconium was that 
found in abnormal meconium. The other por- 


Mecontum IN MeEconrtum ILEUS 


tion was retained as a control. The appropri- 
ate volume of water, based upon dry weight 
determinations of the abnormal meconium, 
was added to each. After thorough mixing, 
the 2 samples were compared with each other, 
and with samples of normal untreated me- 
conium and with meconium from the patient 
with meconium ileus. The lyophilized sample 
with added albumin was much more viscous 
and tenacious than either control or untreated 
normal meconium, and appeared identical with 
meconium from the patient with meconium 
ileus. 

Discussion. The theory that an abnormally 
viscous mucoprotein may be produced in pa- 
tients with meconium ileus has been invoked 
to explain the viscous nature of meconium 
found in this disease(8). In view of the ef- 
fect of albumin upon normal meconium, and 
that pancreatic digestive enzymes are either 
diminished or totally absent in patients with 
this disease(8), such an hypothesis would 
seem unnecessary. From present results, it 
appears that amniotic fluid is the source of 
proteins in abnormal meconium. Presumably 
proteins continually ingested in amniotic fluid 
are unable to be hydrolyzed, but are mixed 
with components of normal meconium and are 
concentrated by intestinal absorption of water 
to produce meconium characteristic of me- 
conium ileus. 

Summary. 1) Meconium from a patient 
with meconium ileus has been studied electro- 
phoretically, revealing presence of albumin 
and of smaller amounts of other proteins with 
mobilities corresponding to a and @ globulin. 
The identity of albumin was established by 
immunochemical and physical methods. Semi- 
micro Kjeldahl analyses of the abnormal me- 
conium indicate 50.2% of dry weight of me- 
conium to be water soluble, TCA-precipitable 
protein. Addition of human serum albumin 
to lyophilized pooled samples of meconium 
from normal infants results in meconium 
grossly indistinguishable from abnormal me- 
conium. 2) The electrophoretic pattern of 
human amniotic fluid is identical with that of 
meconium ileus meconium and it is suggested 
that amniotic fluid is the source of protein 
present in meconium from patients with me- 
conium ileus. 


_N. gonorrhoeae ENpoTOXIN 
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For certain endotoxin-antigen studies the 
natural cell-free complex is desired. For other 
studies the smallest active unit of the original 
biologic complex is necessary. The present 
investigations deal with both types of prod- 
ucts. 

Preparation of soluble nucleoprotein-bound 
endotoxin by physical methods. Cultivation 
of 'V. gonorrhoeaet has been previously de- 
scribed(1,2). The gonococcus cells were 
washed twice with 4 volumes of saline and 
once with 4 volumes of distilled water. A sup- 
ply of such cells was kept frozen at —20°C. 
Washed cells contained 10-12% solids. Three 
g portions of washed cells were suspended in 
47 ml portions of distilled water and subjected 
to sonic disintegration in Raytheon 10-kc 
sonic oscillator at 8°C for 60 minutes at maxi- 
mum intensity. Cell debris, 8.8-9.0%, on dry 
cell basis, was removed by centrifuging in cold 
room in Servall angle centrifuge at 3,600 g for 
15 minutes. The clear supernatant was 
placed in cellophane bags and dialyzed for 20 
hours with continuous stirring against distilled 
water. The supernatant, after dialysis, con- 
tained 90% of solids originally present in the 
gonococcus cells (5-6 mg protein/ml). Anal- 


* Presented before IVth Internat. Congress of Bio- 
chemistry, Vienna, Austria, Sept., 1958. 

+t The gonococcus strain employed was isolated 
from male patient by Dr. James D. Thayer of this 
laboratory. 


ysis indicated that this material consisted 
mainly of nucleo-proteins. Such supernatants 
were stored at —20°C for several months with- 
out loss of toxicity. Precipitates which occa- 
sionally formed after thawing contained part 
of the endotoxin, and were put back in solu- 
tion by brief sonic treatment. LD-, values on 
the supernatant are listed in Table I. Twenty- 
five to 50 CFI male mice, weighing 16-18 g, 
and 5 different endotoxin concentrations were 
used in the assays(2). Endotoxin solutions 
were administered intraperitoneally. The ani- 
mals were observed 5 days. Karber’s(3) pro- 
cedure was employed for calculating LD5o 
values and interpreting their statistical mean- 
ing. From sonic treated supernatant a stable 
endotoxin-containing acetone powder was pre- 
pared as follows: a small quantity of sodium 
chloride was added to the supernatant and 


TABLE I. Endotoxin Activities of Fractions Ob- 
tained by Some Treatment and Ultracentrifuging. 


Type of fraction LD, value, mg 


Supernatant at 3,600 g after sonie IG 
treatment 

Sediment at 26,500 g in 30 min. et 

Idem COs ike 

Supernatant at 26,500 g in 60 min. 1.4 

Acetone powder from same super- 1.5 
natant after removal of sediment 

Acetone powder, cells extracted at 2.3 
pH 13 

Protein-free endotoxin 8 
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the endotoxin was precipitated, together with 
nucleoproteins and a small quantity of other 
proteins, by addition of 3 volumes of cold 
acetone. The precipitate was removed by cen- 
trifugation and dried over sodium hydroxide 
in vacuo. The yield of dry material was 90% 
on the basis of dry gonococcus cells. Endo- 
toxin precipitates are only very slightly sol- 
uble in water. The dry powder was readily 
put in solution, however, by suspension in dis- 
tilled water and brief sonic treatment. An ali- 
quot of the supernatant obtained after sonic 
treatment of the gonococcus cells, and dia- 
lyzed as described above, was centrifuged in 
the Spinco Model L ultracentrifuge at 26,500 
g for 60 minutes at -10°C. Thirty to 35% 
of the endotoxin sedimented under these con- 
ditions. The sediment was put in solution by 
suspension in distilled water and brief (15 
minutes) sonic treatment. When thawed su- 
pernatant was used, sedimentation was much 
heavier (up to 75%). Occasionally endo- 
toxin-containing material precipitated on 
freezing. This precipitate was not removed 
before ultracentrifuging. An increase in 
speed up to 100,000 g did not result in heavier 
sedimentation. Endotoxin is firmly bound to 
nucleoproteins and speeds up to 100,000 g 
did not result in sediments or supernatants of 
significantly different toxicities (Table 1). 
The endotoxin remaining in the supernatant 
after centrifugation was removed by addition 
of small quantity of sodium chloride and 3 
volumes of acetone. 

Preparation of protein-free endotoxin. Here 
a phenol-water mixture, first employed by 
Palmer and Gerlough(4) in preparation of 
antigenic-substances from other organisms, 
was used. Fifty g of washed gonococcus cells 
were suspended in 45 ml of distilled water. 
The cell suspension was poured into Waring 
blendor containing a mixture of 110 g phenol 
and 67 ml distilled water. The contents of 
the Waring blendor were stirred for 8 min. 
The temperature of mixture was 25°C at the 
beginning, and 45° at end of stirring. Then 
the mixture was cooled to 20°C and centri- 
fuged in cold room in Servall angle centrifuge 
at 3,600 g. The clear supernatant (aqueous 
layer) was placed in cellophane bags and 
dialyzed for 24 hours at 4° against 14 1 of 
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distilled water. The latter was stirred con- 
tinuously and changed occasionally. The 
lower (phenol) layer containing the proteins 
was discarded. A small quantity of sodium 
chloride was added to the dialyzed superna- 
tant. The endotoxin was precipitated by the 
addition of 1.5 volumes of cold acetone. The 
precipitate was washed once with cold acetone 
and once with cold ether, and dried over so- 
dium hydroxide in vacuo. The yield of dry 
material was 350 mg. 

Composition. This preparation had an 
LD5» of 0.8 mg (Table I). It contained 52% 
total saccharide, as measured by Dische’s(5) 
indol method, 53% nucleic acid, and 8.5% 
nitrogen. It contained 0.2% serum albumin 
equivalent (probably polypeptide), as found 
by Folin-Ciocalteu procedure, and 8% lipid. 
The latter was determined as follows: 200 mg 
of protein-free material was dissolved in 39 
ml of distilled water, 1.1 ml of conc. sulfuric 
acid added and the mixture boiled with re- 
fluxing for 1.5 hours. The cooled hydrolysate 
was shaken with chloroform and centrifuged. 
Chloroform phase was removed, filtered and 
evaporated to yield 16 mg of wax-like lipid. 
We were unable to remove from the protein- 
free endotoxin the nucleic acid component 
with ion-exchangers or by fractionation with 
acetone or ethanol. Uranium acetate precipi- 
tated both the polysaccharide component and 
the NA moiety. Absorption curves. In Fig. 
1 is seen the ultraviolet absorption curve of 
the natural nucleoprotein complex endotoxin, 
labeled NP, together with the absorption 
curves of yeast nucleic acid (YNA), solid line, 
and the protein-free endotoxin (PF). All 
show a peak at 260 mu. NP shows an ab- 
sorption curve typical of plant nucleoproteins. 
The PF absorption curve indicates removal of 
protein from the natural product. Only 
slightly different products were obtained when 
hydrolysis with phenol water was carried out 
at lower temperatures, or by applying mechan- 
ical mixing instead of extraction in the Waring 
blendor, or by using phenol-water mixtures of 
different proportions. 

Summary. 1) Sonic disintegration puts 
about 90% gonococcal endotoxin into a sol- 
uble state as contrasted with 50% yields by 
earlier methods. Most fractions obtained by 
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FIG. 1. Absorption spectra. NP — natural nucleo- 
protein complex; YNA = yeast nucleic acid; PF 
= protein-free endotoxin. 
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this physical procedure did not differ statis- 
tically among themselves in toxicity, but all 
of them were invariably more toxic than the 
product obtained by extraction of gonococcal 
cells at an alkaline pH. It is believed these 
methods will be useful in biological studies 
where cell-free, chemically unchanged frac- 
tions are desired. 2) Phenol-water mixtures 
are suitable for removal of the protein com- 
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ponent from nucleoprotein complex of NV. gon- 
orrhoeae endotoxin. The protein-free endo- 
toxin contains mainly polysaccharide and NA. 
The dried product is more toxic than those ob- 
tained by other methods. It dissolves readily 
in water resulting in a slightly opalescent solu- 
tion. This fraction should be useful in studies 
where portein-free material is desired. 


ApprenpuM: While this paper was in press we were 
able to remove all of the NA from the endotoxin. 
The method employed, chemical nature and other 
properties of the product will be described in subse- 
quent publication. 


We wish to thank Mr. Harold Russell for skillful 
technical assistance. 
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Effect of 4-Amino Folic Acid Antagonists on Biological Acetylations.* 
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Research Laboratories, Frank W. Horner Ltd., Montreal, Canada 


Previous studies have shown that p-amino- 
salicylic acid (PAS) inhibits acetylation of 
isoniazid (INH), and produces a marked in- 
crease in plasma levels of INH when the 2 
drugs are administered in combination(1). 
The synergistic effect of the INH-PAS combi- 
nation observed in tuberculosis therapy has 
been attributed, in part, to inhibition of INH 
acetylation by PAS(2). It is conceivable 
that similar events may occur when multiple 
antimetabolite combinations are employed in 
cancer chemotherapy. Thus, apart from the 

* Presented in part before the Can. Fed. of Biol. 
Soc. Kingston, Canada, June 9, 1958. 


anticancer effect contributed by each member 
of the combination by virtue of its antimetabo- 
lite activity, secondary factors may be pres- 
ent to further increase the over-all effect(3). 
For example: 6-amino-nicotinamide (6-AN), 
a carcinostatic antimetabolite (4-7) is a com- 
petitive inhibitor of arylamine acetylation, 
and is itself acetylated in rabbits(1,8). Ad- 
ministration of this substance in combination 
with a second antimetabolite having similar 
properties with respect to acetylation could 
give rise to increased plasma and cellular con- 
centrations of either substance, due to inhibi- 
tion of acetylation. The end result could be 
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TABLE I. Inhibition of Sulfanilamide (SA) and 
Isoniazid (INH) Acetylation in Pigeon Liver Ex- 


tracts. 
Inhibitor Inhibition, 
cone., % 
Inhibitor N/A OS SAG LING 
A-methopterin (4-amino- 5 oie 
N-methyl-PGA ) 2 73 56 
1 62 
Aminopterin (4-amino-PGA ) 25 89 
5 58 
4 50 
Folic acid (PGA) 100 0 3 
2,4-Diaminopteridine ra 0 8 
2,4-Diamino-6,7-diphenyl- i 50 50 
pteridine 
Para-aminobenzoylglutami¢ “a 39 


acid (PABGA) 


Incubation mixture: Potassium phosphate buf- 
fer, pH 7.4, .02 M; potassium acetate, .02 M; po- 
tassium citrate, .02 m; sodium ATP, .004 m; SA or 
INH, 8 X 10-* M; pigeon liver extract, 1 ml (equiv- 
alent to 60 mg of acetone powder) ; acetylation in- 
hibitors, as indicated; total volume, 3 ml. Incuba- 
tion for 30 min. at 37°C. 


augmented carcinostasis, increased host tox- 
icity, or both. It was therefore of interest to 
test the effects on arylamine acetylation of 
various carcinostatic antimetabolites which 
may be employed in combination with 6-AN. 
In the course of these investigations it was 
found that A-methopterin and aminopterin 
markedly inhibited acetylation of sulfanila- 
mide and INH in a non-competitive manner. 
This inhibition was due, in part, to an effect 
on acetate activation. 


Materials and methods. Procedures em- 
ployed in the sulfanilamide and INH acetyla- 
tion studies were as previously described (8,1). 
Acetyl-Coenzyme A formation in pigeon liver 
extracts was measured by the method of Chou 
and Lipmann(9) and hydroxamate formation 
according to Lipmann and Tuttle(10). The 
methods for im vivo acetylation studies were 
as previously described(11). Aminopterin 
and A-methopterin (Methotrexate) were gen- 
erously supplied by Dr. J. M. Ruegsegger of 
Lederle Lab. Div., Am. Cyanamid Co. These 
substances were used without further puri- 
fication. 2,4-Diaminopteridine and 2,4-dia- 
mino-6,7-diphenylpteridine were obtained 
through the courtesy of Dr. E. Rohrman, The 
Eli Lilly Research Laboratories, Indianapolis, 
Ind. 
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Results. A-methopterin and aminopterin 
at 10° M inhibited completely acetylation of 
sulfanilamide and INH. From Table I it 
can be seen that the concentration required 
for 50% inhibition was, in the case of A-me- 
thopterin, less than 10° M, and for aminop- 
terin, 5x 10° M. Folic acid (PGA) was not 
inhibitory at 10% M, and also failed to re- 
verse the inhibition caused by A-methopterin 
and aminopterin. Furthermore, acetylation 
was inhibited only 50% by 10% M 2,4-di- 
amino-6,7-diphenylpteridine and not at all by 
10° M 2,4-diaminopteridine. These results 
indicated that the 4-amino group of A-methop- 
terin and aminopterin was directly involved in 
the inhibitory effect, and that the 2-amino 
group, which is also present in folic acid, was 
inactive. It was also apparent that the pteri- 
dine moiety, alone, did not account for the 
whole inhibitory effect. No  diazotizable 
amine was produced when A-methopterin or 
aminopterin was incubated with the complete 
acetylating system in absence of sulfanila- 
mide, thus indicating that the observed in- 
hibition was not partly due to an artifact 
arising from cleavage of the molecule with 
consequent release of para-aminobenzoylglu- 
tamate (PABGA). Moreover, the latter at 
10° M inhibited INH acetylation by only 
39% (Table I).  Para-aminobenzoic acid 
(PABA) at the same concentration was pre- 
viously shown to inhibit INH acetylation by 
41% (1). 

The nature of the inhibition by A-methop- 
terin was investigated by using varying con- 
centrations of sulfanilamide and A-methop- 
terin. The results, plotted by the method of 
Lineweaver and Burk(12) indicated that the 
inhibition was non-competitive (Fig. 1). At- 
tempts to reverse the inhibition by addition of 
cysteine or excess Coenzyme-A were unsuc- 
cessful. Citrovorum factor, not being readily 
available, was not tried. 

The hydroxamic acid method of Chou and 
Lipmann(9) was used to study the effect of 
A-methopterin on activation of acetate to 
acetyl-S-CoA. As shown in Table II, acetate 
activation was inhibited only 33-36% by 104 
M A-methopterin, at which concentration 
complete inhibition of sulfanilamide acetyla- 
tion occurs. It is thus apparent that inhibi- 
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FIG. 1. Non-competitive inhibition of sulfanila- 
mide acetylation by A-methopterin (Ameth.). Vel- 
ocity (V) expressed as xg of sulfanilamide acetyl- 
ated in 30 min., and sulfanilamide concentration 
(S) as molarity. Other conditions are given under 
““Materials and methods.’’ 


tion of acetate activation can account for but 
a part of the total inhibitory effect of A- 
methopterin on acetylation. 

The experimental data presented in Table 
III suggest that A-methopterin also modifies 
the acetylation of sulfanilamide im vivo. 
When A-methopterin was administered to rab- 
bits conjointly with sulfanilamide mean blood 
levels of free sulfanilamide were markedly 
higher, at 2, 4, and 6-hour intervals after 
dosage, than when sulfanilamide alone was 
given. Furthermore, there was a concomitant 
decrease in plasma levels of acetylated sul- 
fanilamide. In Exp. I, Table III, the dose of 
A-methopterin (25 mg/kg) has been calcu- 
lated as the equivalent of the concentration 
required for 50% inhibition im vitro. Foun- 
tain et al.(13) have reported that administra- 
tion of A-methopterin to mice resulted in re- 
tention of the compound in the liver for 3 
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weeks. To test the possibility that A-methop- 
terin might be similarly retained by rabbit 
liver and lead to prolonged inhibition of 
acetylating ability, a rabbit was given 50 mg/ 
kg of A-methopterin 18 hours prior to a single 
dose of 200 mg/kg of sulfanilamide. No im- 
pairment of acetylation was observed, and the 
high dose of A-methopterin appeared to have 
no deleterious effect on the rabbit. It is con- 
ceivable that resistance of the rabbit to the 
toxic effects of folic acid antagonists(14), may 
be due to ability to acetylate the 4-amino 
group of these compounds. However, no evi- 
dence for this has yet been obtained. 


Discussion. The 4-amino derivatives of 


TABLE II. Effect of A-methopterin on Acetate 
Activation in Pigeon Liver Extract. 


Acethydroxa- 
A-methop- — mate formed % 
Exp. terin (umoles ) inhibition 
] 0 3.68* 
10* mw 2.47 33 
2 0 3.62 
107° M 2.34 36 


Incubation mixture: As in Table I, except that 
0.5 M hydroxylamine, pH 7.4, replaced SA or INH; 
and 1 ml of pigeon liver extract (equiv. to 120 mg 
of acetone powder) was used. Incubation, 1 hr at 
37°C. 

* When acetate was omitted 0.53 ymoles of ace- 
thydroxamate were formed. 


folic acid have been shown to inhibit conver- 
sion of folic acid to citrovorum factor (CF), 
and to interfere with utilization of preformed 
CF(15). The toxic effects of these analogues 
are blocked by CF administration, or prior 
injection of large amounts of folic acid. The 
present studies indicate that the 4-amino folic 
acid analogues are potent non-competitive in- 
hibitors of arylamine acetylation, an activity 
which is apparently quite unrelated to the 
antimetabolite function of these compounds. 


TABLE III. Effect of A-methopterin on Plasma Levels of Sulfanilamide in Rabbits. 


Drug dose 


Sulfanilamide in blood (mg/100 m1) t 


Hr after dosing 


No. of (mg/kg) * 2 4 6 
Exp. rabbits Sulfa. A-meth. Free Acet. Free Acet. Free Acet 
i! 3 400 14.0 10.6 9.4 8.1 V2 8.1 
4 25 Zak 6.8 15.4 6.1 10.4 6.2 
2 3 200 5.0 aif 3.8 5.2 2.4 9.3 
a 35 7.8 3.6 6.3 4.7 4.0 5 


* Drugs were given orally as a suspension in water. 


+ Mean values. 
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The mechanism of action is not fully known. 
The inhibitory effect on acetyl-CoA formation 
(Table II) was too weak to account for in- 
hibition of sulfanilamide acetylation by A- 
methopterin in vitro. Furthermore, it is un- 
likely that an effect on acetate activation is 
responsible for inhibition of sulfanilamide 
acetylation in rabbits, since acetyl-CoA can 
be generated at normal rates from other meta- 
bolic precursors. It is possible however that 
these substances may displace acetyl-CoA 
from the acetylating enzyme. A further pos- 
sibility is that inhibition of acetylation may 
be only one instance of a more generalized 
phenomenon. Fountain e¢ al.(13) observed 
that, following a parenteral dose of A-methop- 
terin in mice, a more or less constant amount 
of the drug was retained in the liver for at 
least 3 weeks. The authors suggested that 
the retained drug was probably concentrated 
in the enzymes associated with folic acid and 
CF. It is now apparent that the folic acid 
antagonists have a high affinity for enzymes 
associated with arylamine acetylation, and 
probably others. 


It is not possible to say whether, at the 
dosage levels presently employed therapeu- 
tically, sufficient concentrations of the folic 
acid antagonists can accumulate in the cell to 
inhibit acetylation processes. Such a possi- 
bility should not be lost sight of, particularly 
in the event that aminopterin or A-methop- 
terin is administered in combination with a 
drug known to be acetylatable, such as 6- 
aminonicotinamide. Indeed, one might expect 
that simultaneous administration of 6-amino- 
nicotinamide and a 4-amino folic acid an- 
tagonist would result in carcinostatic poten- 
tiation. 


Summary. 1) Acetylation of sulfanilamide 
and of isoniazid in pigeon liver extracts was 
markedly inhibited —(non-competitively) by 
4-amino analogues of folic acid. A-methop- 
terin (10° M) and aminopterin (5 x 10° M) 
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inhibited acetylation by 62 and 58%, respec- 
tively. Folic acid (10° M) was not inhibi- 
tory, and failed to reverse the inhibition by 
A-methopterin. 2 ,4-Diamino-6,7-diphenyl- 
pteridine (10% M) gave 50% inhibition of 
acetylation and 2,4-diaminopteridine (10° 
M) was inactive. A-methopterin, adminis- 
tered to rabbits conjointly with sulfanilamide, 
produced a marked increase in plasma level 
of free sulfanilamide, and a concomitant de- 
crease in acetyl-sulfanilamide. 2) The pos- 
sible significance of these results with regard 
to combination chemotherapy of cancer was 
discussed. 
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Results of recent investigations by Hamil- 
ton(1), Ottesen(2), Osgood(3), and Rese- 
gotti(4) have shown a considerable difference 
between life spans of granulocytes and lym- 
phocytes in mammals. Their studies indicate 
a life on the order of several days for granu- 
locytes and several weeks for the majority of 
lymphocytes. The classical technic of thor- 
acic lymph duct cannulation(5), however, has 
shown in several mammals that enough lym- 
phocytes enter the circulation from thoracic 
lymph alone to replace the entire blood 
lymphocyte pool several times daily. Com- 
parable to this is a life span for the granulo- 
cyte of 23 minutes from parabiotic rat ex- 
periments of Van Dyke and Huff(6). Classi- 
cal transfusion experiments as well as recent 
transfusion experiments with tagged cells 
have also indicated rapid disappearance of 
injected leukocytes(7). The apparent con- 
flict may be resolved by employing a label 
for newly formed leukocytes permanent for 
the life of the cells, and simultaneously study- 
ing cells in hematopoietic tissues and circula- 
tion. The autoradiographic technic used here 
enables a measurement to be made of the 
activity of individual cells which have incor- 
porated a radioactive DNA precursor. We 
report data based on analyses of labeling seen 
in different classes of white cells in blood and 
blood-forming tissues and analysis of their 
separate life spans. This is not possible by 
the biochemical methods employed in the past. 

Methods. Adenine C™ is a convenient la- 
bel for cells synthesizing new DNA during an 
interval at start of experiment(8). Adenine 
is quickly taken up in cells in the form of 
nucleotides and at some later time is synthe- 
sized into both RNA and DNA. It is now 
generally agreed that once DNA has been 
synthesized from nucleotides, it remains and 
is stable for the life of the cell, or until it is 
segregated at the next division. Active DNA 
in a cell is then a permanent label for the cell. 


* This work was supported by U.S. Atomic Energy 
Comm. 


8.5 wC adenine 8-C'™ (2.2 mC/mm) were in- 
jected intraperitoneally into 10-11 week-old 
male A strain mice weighing 23 g. The ani- 
mals were sacrificed at regular intervals fol- 
lowing injection and smears were made from 
various tissues—tail blood, thymus, lymph 
nodes, and femoral marrow. Smears were 
fixed in absolute methanol for 1 hour, fol- 
lowed by distilled water 1 hour to remove un- 
polymerized nucleotides. Duplicate smears 
were also digested with ribonuclease to re- 
move RNA. Then essentially the only re- 
maining activity is due to adenine incorpor- 
ated into DNA. Smears were next prepared 
with English Kodak Ltd. AR-10 autoradio- 
graphic stripping film(9) and exposed 30 
days. Then the slides were photographically 
processed and subsequently stained through 
the film with Giemsa stain. Grain counts 
were made over individual cells and results 
recorded for a minimum of 1000 cells/slide. 
A cell was considered labeled if it had more 
than 2 grains, which was above the back- 
ground. Lymphocytes of diameter <8 yu 
were classified as small lymphocytes, 8 to 
10 » as medium lymphocytes, and >10 p 
as large lymphocytes. Band neutrophils in 
the marrow were distinguished from mature 
forms by the smooth ring shaped nucleus. 
When the nucleus showed some folding it was 
considered to be a mature neutrophil. 


Results. Fig. 1 shows the strikingly dif- 
ferent courses of adenine incorporation into 
DNA in the 3 major classes of white cells in 
peripheral blood. Labeled neutrophils rise 
sharply from the second to fourth day after 
injection, by which time more than half the 
cells are labeled. This is followed by a rapid 
decline. Labeled small lymphocytes, on the 
other hand, form a plateau at 2-3% that lasts 
at least 8 days. This indicates that most of 
the small lymphocytes were formed before 
start of experiment in contrast to neutrophils. 
Correspondingly, the life of the small lympho- 
cyte is long compared to the neutrophil. In 
contrast to the small lymphocytes a high per- 
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FIG. 3. Percent eosinophils labeled after a single inj. of adenine C-14. 
FIG. 4. Pereent DNA labeled lymphocytes seen in lymphoid tissues and peripheral blood 


after a single inj. of adenine O-14. 


centage of labeled medium and large lympho- 
cytes were found at 1 and 2 days and disap- 
peared by fifth day. 

To interpret the curve for neutrophils in 
peripheral blood, data must be known on the 
immediate precursors in marrow. Fig. 2 
shows percentage labeled cells for the last 2 
maturation stages of neutrophils—the band 
and mature neutrophils in the marrow—to- 
gether with the peripheral neutrophils. It 
should be noted that these values are from 
bone marrow smears not extracted with ribo- 
nuclease since this treatment would make 
marrow cell identification impossible.  Peri- 
pheral neutrophils contain little RNA label, 
however, since RNase treatment does not 
measurably lower the activity of this class. 


This may be true of mature marrow neutro- 
phils since they have lost the staining prop- 
erty for RNA in the cytoplasm. 

Data of Fig. 2 show that labeled cells do 
not enter the mature marrow neutrophil pool 
until about 1 day, suggesting that this is the 
minimum time required for differentiation of 
mature neutrophils from the last division 
stage. The preponderance of band cell forms 
over earlier stages of differentiation as well as 
the initial portion of the band neutrophil 
curve, indicate that almost a whole day is 
spent in the band cell stage. This may be 
taken as a maximum for band cell maturation 
time. 

These observations may be used to approxi- 
mate relative pool sizes and turnover times 
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of marrow and peripheral neutrophils. Con- 
sideration of the time relation between label- 
ing, seen in band and mature marrow neutro- 
phil classes, indicates that release of mature 
neutrophils to circulation tends to be orderly 
rather than random. Similar consideration of 
the relation between labeling seen in mature 
marrow neutrophils and peripheral neutro- 
phils indicates that neutrophils disappear 
from the periphery at the end of a finite life 
span rather than randomly. The relation be- 
tween the 2 classes has been approached by a 
comparison of experimental blood values with 
theoretically predicted values derived from 
labeling, in mature marrow neutrophils which 
are the immediate precursors to the peripheral 
neutrophils. The best fit of predicted values 
to experimental values has been obtained with 
a finite time of 24 day for duration of ma- 
ture cells in marrow, followed by 1 to 1% 
day life span in the periphery. 

Such computations for levels of labeled cells 
agree closely with the experimental, whether 
we choose population of all cells labeled, or 
autoradiographically more definitive popula- 
tion of cells having more than 10 grains. 
These 2 independent calculations do not ex- 
clude the probability of a small degree of ran- 
domness in release of cells from each pool. 
The presence of a few band cells in the circu- 
lation indicates that some cells are randomly 
released from the marrow. 


The steady state requires the flux of cells 
through each pool to be constant and equal. 
Therefore, if V; and V2 are sizes of band and 
mature marrow neutrophil pools respectively 


ve V: : a 
— s where T; is maturation time of 


T, %day 
band cells. The marrow differential indicates 


that V2/V; = 0.8. T, is then about 20 hours 
in good agreement with the value derived 
from labeling. 

If Vz is the size of the peripheral neutro- 
phil pool, then applying the steady state con- 


2 V 
dition aha ee Therefore , 
24 day 1 to 1% day 


V3/Vo2, the ratio of peripheral to marrow neu- 
trophils is between 1.5 and 2. Since the cir- 
culating vascular pool is known to be quite 


_ small compared to the mature marrow pool, 
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it must be concluded that peripheral neutro- 
phils spend a large part of their time extra- 
vascularly. This agrees with conclusions pub- 
lished recently by several authors (for review 
see Patt, 10). 


Approximate data on eosinophils are pre- 
sented in Fig. 3. Eosinophils regularly com- 
prised only 7-10% of granulocytes so that 
each point represents only 30 to 60 cells 
counted. This has precluded any quantita- 
tion such as was attempted with neutrophils; 
however, it is clear that labeled eosinophils 
appeared and disappeared more rapidly than 
did neutrophils in the circulation. 

Data on events in lymphoid tissues are pre- 
sented in Fig. 4. The most striking finding is 
the high activity of mouse thymus compared 
to lymph nodes. By the third day, however, 
essentially all active cells have disappeared 
from the thymus, indicating that turnover 
time for thymus cells is in the range of 2 to 3 
days. 

Lymph nodes reach a much shallower peak 
and retain a comparatively large proportion of 
active cells for at least 4 days. This suggests 
that lymph nodes have a long turnover time 
compared to thymus. These turnover times 
are in good agreement with our biochemical 
estimates from P** incorporation into DNA— 
2 days for thymus and 1 week for lymph 
nodes in A strain mice. 

Labeled medium lymphocytes of nodes, 
thymus, and blood reach a higher peak earlier 
in time than that of small lymphocytes in 
these tissues. This is consistent with the hy- 
pothesis of a precursor-product relation be- 
tween these 2 classes of cells. In addition, 
early label in the small lymphocyte class could 
be due to a few small lymphocytes preparing 
for division in accordance with the scheme of 
Sainte-Marie and Leblond(11). 

In peripheral blood labeled small lympho- 
cytes plateau at 2-3% for the first 8 days and 
disappeared by the fourteenth day. Small 
lymphocytes therefore live for at least 8 days. 
A large part of this time is probably spent in 
the organized or diffuse lymphoid tissue 
rather than in the circulation. The simplest 
interpretation of the data appears to be that 
cells released from the nodes into the circula- 
tion represent a random sample of cells pres- 
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ent in the nodes at any time. This would 
reconcile the apparent discrepancy between 
the short circulating life calculated from 
thoracic duct outputs and the long life ob- 
tained from DNA labeling. To clarify this 
further the present experiments are being re- 
peated using tritiated thymidine as DNA pre- 
cursor. To date excellent agreement has 
been obtained between adenine and thymidine 
data. Thoracic duct lymphocytes are labeled 
to a degree consistent with the above concept 
(Schooley, Bryant, Kelly, to be published). 


Summary. 1. Twenty-four hours are re- 
quired for maturation of the neutrophil from 
the last division stage in the marrow. 2. The 
data are best explained by a finite life of % 
day for mature neutrophils in marrow, fol- 
lowed by a peripheral life span of 1 to 1% 
days. 3. Lymphocytes fall into two classes— 
medium and large cells, which are rapidly re- 
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newed, and small cells, which live at least a 
week. 
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Effect of Endotoxin on Vascular 'Reactivity to Epinephrine in the Perfused 


Dog Forelimb and Lung.* 


(24463) 


LERNER B. HiNsHAw,! RoBert P. GILBERT,+ Hrrosu1 Kuma’ anp 
Maurice B. VIssCHER 
Dept. of Physiology, University of Minnesota, Medical School, Minneapolis 


Recent publications have indicated that en- 
dotoxin may have a direct effect on blood ves- 
sels, altering their reactivity to epinephrine 
(1-4). Changes in reactivity to epinephrine 
were reported to occur in blood vessels of the 
isolated perfused rabbit ear and in the meso- 
appendix of the rat following administration 
of small doses of endotoxin. Injections of 
larger doses resulted in vascular hyperreac- 
tivity to epinephrine followed by hyporeactiv- 
ity. Arterioles and venules became com- 

* We are indebted to Dr. W. W. Spink, Univ. of 
Minnesota Medical Schcol, for supply of endotoxin. 
This research was supported by grants from Min- 
nesota Heart Assn and U.S.P.H.S. 

Technical aid was helpfully given by Mr. Henry 
Ballin. 

+ Research Fellow of Life Insurance Medical Re- 
search Fund. 

{ Markle Scholar in Medical Sciences, 1952-1957. 

§ Research Fellow of Am. Heart Assn. 


pletely refractory to epinephrine, while in- 
creased reactivity persisted in larger arteries 
and veins. The work of Zweifach, Nagler 
and Thomas(1) suggested very large changes 
in vascular reactivity after endotoxin in the 
rat mesentery, ranging from 100 times less, 
to 700 times greater than the pre-endotoxin 
response. It was postulated that changes in 
reactivity to epinephrine might be responsible 
for damaging effects of endotoxin on the vas- 
cular systems of intact animals and could 
account for certain resemblances between en- 
dotoxin reactions and “intoxication” by epine- 
phrine(2). It was suggested that the end 
result of altered reactivity to epinephrine was 
pooling of blood in distended capillaries and 
venules(1). A number of vascular responses 
to endotoxin have been reported from this 
laboratory (5-8). Constrictions of blood ves- 
sels in a variety of organs have been observed 
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in vivo and in the isolated perfused state (9- 
12). Changes in vascular tone after endo- 
toxin have been suggested by decrease in 
peripheral resistance in eviscerated dogs(13). 
In view of findings of Zweifach and others it 
was believed that the lethal effect of endo- 
toxin on the dog might be partially explained 
on the basis of altered vascular reactivity to 
epinephrine. A series of experiments was 
therefore carried out on isolated, perfused lung 
and forelimb of the dog. Results from these 
studies fail to indicate significant degree of 
altered response to intra-arterially injected 
epinephrine after administration of endotoxin 
to the isolated perfused dog forelimb and 
lung. 

Methods. Adult mongrel dogs, anesthe- 
tized with sodium pentobarbital, 30 mg/kg 
body weight, were used. Freshly drawn he- 
parinized homologous blood (5 mg heparin/ 
100 cc blood) was obtained from donor ani- 
mals. Perfusion studies included the follow- 
ing preparations: (a) Pump-perfused lungs, 
and pump-lung perfusions with an intact dog 
providing blood for the lung inflow circuit; 
(b) pump-lung perfused forelimbs, and pump- 
perfused forelimbs with intact dog providing 
arterial blood for the limb. In the first experi- 
ments, lungs were removed from heparinized 
dogs and perfused at constant flow with a 
sigmamotor pump as previously described 
(12). Lungs were perfused at highest flows 
compatible with isogravimetric state and were 
continuously weighed by a strain gauge 
weighing device(12). Perfusion pressure was 
measured in the pulmonary artery and a poly- 
ethylene catheter was advanced in retrograde 
manner into a small pulmonary vein without 
wedging. Pressures in the pulmonary artery 
and small pulmonary vein and changes in 
lung weight were continuously registered on 
a Sanborn Polyviso 4-channel direct writing 
recorder. The perfusion apparatus contained 
approximately one liter of blood maintained 
at temperatures 35-38°C by means of con- 
trolled water bath. Lungs were ventilated 
with a gas mixture of 95% oxygen and 5% 
COs which maintained the blood pH at ap- 
proximately 7.4. Injections of epinephrine 
and endotoxin were made intra-arterially in 
each study. In the second group of lung 
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studies an intact heparinized dog was con- 
nected in series with the lung perfusion cir- 
cuit. Arterial blood from the aorta was per- 
fused at constant flow through the lung by 
a sigmamotor pump after appropriate can- 
nulations in dog and lung were made. Blood 
from the lung was pumped to an elevated res- 
ervoir and returned via gravity flow to the 
jugular vein of the dog. Flow to the dog 
was maintained constant by means of a pre- 
set screw clamp. The mean carotid artery 
pressure of the dog was continuously moni- 
tored on the Sanborn recorder. An injection 
of endotoxin, 1.25 mg/kg body weight, was 
intravenously administered to the dog in each 
study, and the arterial blood pressure fell to 
hypotensive levels due to pooling effect of en- 
dotoxin(5). Experiments were terminated at 
approximately one hour after endotoxin. Fur- 
ther aspects of these experiments were identi- 
cal to the pump perfused lung studies de- 
scribed above. Two control experiments of 
approximately 90 minutes each were also in- 
cluded to determine stability of the prepara- 
tion. In the last experiments, amputated 
forelimbs of dogs were separately perfused 
with blood oxygenated by a perfused lung or 
pumped from a donor dog to which the venous 
blood was subsequently returned. Limbs 
were perfused at constant flow in each in- 
stance. The experimental preparation was 
carried out by a procedure recently described 
(14). Pressures in the brachial artery and 
small branch of the cephalic vein and changes 
in limb weight were continuously recorded. 
Limbs were maintained in the isogravimetric 
state prior to injection of endotoxin. Five 
mg of endotoxin were intra-arterially injected 
in the pump-lung perfused limb experiments 
and 1.25 mg/kg body weight were intraven- 
ously injected in the intact dog-pump-limb 
experiments. Freshly diluted, refrigerated 
synthetic epinephrine (Winthrop-Stearns, N. 
Y.) was used in all studies described above. 
Epinephrine was given in dosages sufficient 
to obtain accurately measurable responses. 
Purified /. coli endotoxin, prepared as pre- 
viously described(5) was used in all experi- 
ments. 
Results. 
pump-perfused isolated lungs. 


Table I shows the results in 5 
Injections of 
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TABLE I. Vaseular Responses of Pump-Perfused Dog Lung to Epinephrine before and after 
Injections of Hndotoxin. 


SS ——eeESESSSSESEamnananD9anRa9an99N9nDn9n9n9n9n9n98B89B9B8Rnonaaa=SSSSS— SS 


Pulm. art. press. | Pulm. vein press. 


(mm Hg) (mm Hg) 
Exp. Drug Dose (ug) Time (min.) Control Max A Control MaxA 
1 epi 5 —14 12.5 +4.5 6.5 + .5 
Lung wt, 312g Endotoxin 
Flow, 220 ee/min. (5 mg) 
epi 5 +14 17.0 +4.0 7.5 + 3 
re 5 +27 16.0 +2.5 8.0 + .5 
2 epi 5 — 43 17.5 +3.5 8.5 +3.5 
Flow, 190 ee/min. sé 5 —27 16.5 +3.0 8.5 +2.0 
Endotoxin 0 
(5 mg) 
epi 5 +13 19.0 +3.5 10.0 +3.5 
2s 5 +47 18.5 +3.0 8.5 + 4.0 
3 epi 4 —- 2 12.0 +5.5 5.0 +1.5 
Lung wt, 194g Endotoxin 0 
Flow, 180 ce/min. (5 mg) 
epi 4 +13 14.0 +1.0 9.0 +2.0 
4 epi 2 — 37 15.5 +1.5 none 
Lung wt, 39 g ss 5 — 30 15.5 +2.5 
Flow, 94 e¢/min. fe 3 - 9 17.0 +2.0 
Endotoxin 0 
(1 mg) 
epi 2.5 + 2 18.0 +1.5 
- # + 8 16.5 +1.5 
ee y =-19 20.0 + .5 
ee a +35 18.0 +1.0 
5 epi 4 —10 16.0 = 1.5 none 
ia 2 — 6 16.0 +1.5 
Endotoxin 
(1 mg) 
epi 2 +. § Vio 
i +13 17.5 +1.0 


epinephrine were made before, and 2 to 47 
minutes after administration of 1-5 mg of 
endotoxin. No significant alterations in vas- 
cular reactivity to epinephrine after endo- 
toxin were observed, as evidenced by changes 
in arterial and venous pressures. 

The results from 3 pump-lung experiments 
provided with an intact dog in the perfusion 
circuit are shown in Table II. Injections of 
epinephrine into the pulmonary artery inflow 
were made before and after endotoxin, admin- 
istered to the dog. No marked changes in 
pulmonary artery response to epinephrine 
were observed from 5 to 65 minutes after en- 
dotoxin, although in 2 instances (Exp. 2 and 
3) somewhat smaller responses were recorded 
than were obtained in control injections. 
Pulmonary venous responses were somewhat 
decreased in Exp. 1, and increased to a small 


degree in Exp. 3. However, although pre- 
endotoxin vascular responses to epinephrine 
were fairly constant in the perfused lung, 
spontaneous alterations in response did oc- 
cur, as is readily seen in Table III. It is 
noted that the maximal difference in response 
after endotoxin (Table II) is a 50% change 
and that a similar change is also observed in 
control experiments shown in Table III, when 
endotoxin was not administered. 

Tables IV and V illustrate results in 6 ex- 
periments on the perfused dog forelimb. In 
Table IV are shown 3 experiments in which 
injections of epinephrine were made into the 
perfusion tubing of a perfused lung-forelimb 
preparation before, and from 9 to 51 minutes 
after endotoxin. No changes in vascular re- 
activity to epinephrine were seen as evidenced 
by arterial and venous pressure responses. 
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TABLE IT. Vascular Responses of the Dog-Pump-Perfused Lung to Epinephrine before and 
after Injections of Endotoxin. 
—————ooOoOo 


Exp. 


1 
Lung wt, 70 g 
Flow, 110 ee/min. 
Dog wt, 24 kg 


9° 
Lung wt, 42 g 
Flow, 90 ee/min. 
Dog wt, 16 kg 


3 
Lung wt, 125 g 
Flow, 120 e¢/min. 
Dog wt, 24 kg 


Table V shows 3 experiments on the iso- 
lated perfused forelimb with an intact dog 
providing arterial blood for the limb. No 
significant differences in vascular response to 


b Mean art. Pulm. art. press. | Pulm. vein press. 
Dose Time B.P. of dog (mm Hg) (mm Hg) 
Drugs (ug) (min.) (mmHg) Control Max A Control Max A 
epi 15 — 25 100 18.5 +1.5 7.5 +5.0 
4g % -—15 90 17.5 +1.0 8.0 +4.0 
2 2 - 4 90 +1.5 9.0 ie 
Endotoxin 0 
(30 mg) 
epi zi + 8 85 18.5 +2.0 8.0 +2.5 
= “¢ +20 80 ef +1.5 6.0 +2.0 
: - +28 70 19.0 —-1.0 6.5 +1.5 
5, ; +36 70 2 +1.5 7.5 Z 
2 y +54 67 19.5 rs 7.0 fy 
epi 40 — 24 90 20.5 +3.0 8.5 +3.0 
fs - - 8 125 22.5 +2.0 10.0 i 
Endotoxin 0 
(20 mg) 
epi 9 +9 50 22.5 +3.5 12.0 +2.0 
Ws 9 +22 65 21.5 +1.0 10) 4 
1 +35 90 22.5 +1.5 8.5 +2.5 
* a +64 60 20.5 +3.0 9.5 +3.0 
epi 20 —27 165 11.0 +4.0 5.0 +1.5 
2 d -—13 170 12.0 +4.5 6.0 a 
5 , =o 160 12.5 +4.0 6.0 +2.0 
Endotoxin 0 
(30 mg) 
epi = +5 35 15.0 +2.5 
a ‘i +12 95 16.5 +3.0 12.5 +1.0 
a +28 120 13.5 rs 8.0 +3.0 
“ 2 +45 90 12.0 +4.0 7.0 +4.0 
‘7 Be +58 70 11.5 +3.5 6.0 a 
a +65 45 12.5 + 2.5 7.0 +3.0 


epinephrine were observed from 16 to 60 min- 
utes after endotoxin, except that in one ex- 
periment (#1) the limb artery response to 
epinephrine decreased by about 50%. Dogs 


TABLE III. Vascular Responses of Dog-Pump-Perfused Lung to Epinephrine in Absence of 


Endotoxin (Controls). 


Mean art. Pulm. art. press. Pulm. vein press. 
Dose Time B.P. of dog (mm Hg) (mm Hg) 
Exp. Drug = (yg) (min.) (mmHg) Control Max A Control Max A 
1 epi 20 0 115 16.5 + 3.5 6.0 +7.5 
Lung wt, 41 g 2 x + 6 120 17.0 + 3.0 5.5 ie 
Flow, 85 ec/min. a ‘i +15 117 : Hs 6.5 +9.0 
Dog wt, 26 kg i. i +30 140 16.0 <4 4.0 +7.0 
‘5 * +45 145 15.0 + 3.5 3.9 a 
a i +58 128 “ j 4.0 
ie $ 4-71 130 © + 4.5 “ 
oi a +83 135 af a 4 
2 epi 20 0 130 18.0 + 6.5 10.0 +3.0 
Lung wt, 75 g is s +11 133 16.0% 5.9.5 is p 
Flow, 175 ec/min. es # +25 125 15.0 +10.0 8.0 +4.0 
Dog wt, 17 kg ee y +44 130 14.0 + 9.5 9.0 +2.0 
‘ ‘ +55 127 13.5 + 9.0 8.5 +3.5 
2 ; +7] 110 13.0 ‘4 7.0 +4,0 
3 : +80 115 14.0 + 7.5 8.5 a 
‘g x +92 133 13.5 + 8.5 6.0 +5.0 
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TABLE IV: Vascular Responses of Pump-Lung-Perfused Dog Forelimb to Epinephrine before 
and after Injections of Endotoxin. 


Brach. art. press. | Cephalic vein press. 


(mm Hg) (mm Hg) 
Exp. Drug Dose (ug) Time (min.) Control Max A Control Max A 
1 epi 1 — 35 55 s78 14.0 -3.5; +2.0 
Limb wt, 397g Endotoxin 0 
Flow, 30 ¢¢/min. (5 mg) 
epi 1 +32 53 +19 15.0 2.0; +5.5 
2 epi 1 -17 55 +25 9.0 -1.0; +6.0 
Flow, 53 ce/min. Endotoxin 0 
(5 mg) 
epi 1 +9 2 +31 a —2.0; +2.0 
si i +36 ue +33 10.0 ey ae 
sa 1 +51 57 +32 9.5 2.5; +5.5 
3 epi 1 — 37 90 +23 5.0 +.5 
Flow, 19 e¢/min. y all —14 113 +46 3.0 a 
Endotoxin 0 
(5 mg) 
epi i 12 107 +30 4.0 2 


were markedly hypotensive following injec- tivity to epinephrine following injection of 
tion of endotoxin. endotoxin in the isolated perfused dog fore- 

Discussion. These experiments fail to show limb and lung. The largest differences in re- 
a significant degree of altered vascular reac- sponse were of a 2:1 magnitude, however, 


TABLE VY. Vascular Responses of the Dog-Pump-Perfused Forelimb to Epinephrine before 
and after Injections of Endotoxin. 


Cephalie vein 


Mean art. Brach. art. press. press. 
Dose Time B.P. of dog (mm Hg) (mm Hg) 
Exp. Drug (ug) (amin. ) (mmHg) Control Max A Control Max A 
1 epi 25 — 32 137 36 + 47 11.5 + 9.0 
Limb wt, 595 g z i — 24 125 39 + 34 
Flow, 44 e¢/min. z 50 -15 132 50 + 75 18.0 +13.0 
Dog wt, 30 kg = - 8 127 +4 + 60 20.0 + 5.5 
Endotoxin 0 
(40 mg) 
epi i +17 65 100 + 30 29.0 +11.0 
di is +39 58 84 + 26 30.5 + 8.5 
ae ‘ +55 107 48 + 32 33.0 + 9.0 
i 4, +60 110 45 + 35 31.5 +11.6 
ee 1.0 +65 100 48 + 56 ” +16.5 
2 epi 5 —16 142 72 +118 10.0 + 9.5 
Limb wt, 392 g ie < —- 9 150 ws +128 10.5 +11.5 
Flow, 39 e¢/min, Endotoxin 0 
Dog wt, 19.2 kg (24mg) 
epi ‘ +18 65 155 + 85 14.5 + 8.5 
ui nF +33 103 127 sip tho 2 + 8.0 
: s +44 102 80 +106 11.0 + 9:0 
; +60 142 75 +108 14.0 +11.0 
3 epi 1.0 — 33 115 110 + 52 23.0 +12.5 
Flow, 20 ¢¢/min. 7 ti 27 100 84 + 44 
Dog wt, 28 kg 21 90 LO4 + 66 16.5 sa) 
oy — 10 98 114 + 51 19.0 +10.5 
Endotoxin 0 
(35 mg) 
epi » 16 50 108 + 50 20.5 > eee o5 
ci es 22 10 82 + 40 20.0 -+11.0 
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these do not appear significant in view of 
similar spontaneous changes. Experiments 
were not extended beyond one hour after en- 
dotoxin and do not therefore rule out possible 
later changes in vascular response to epine- 
phrine. It is of interest to note however, that 
since a significant fall in peripheral resistance 
occurs within 30 minutes after endotoxin in 
the eviscerated dog(13), data of this study 
fail to suggest a relationship between progres- 
sive decline in total peripheral resistance and 
an altered reactivity of blood vessels to cir- 
culating epinephrine. 

It should be pointed out that rather large 
amounts of endotoxin were used. However, 
large changes in vascular reactivity have been 
reported in other studies in which the endo- 
toxin dosage was large enough to produce 
death(1). Zweifach, Nagler, and Thomas re- 
ported 100-fold changes in vascular reactivity 
with 2 mg injections of endotoxin in the rat 
mesentery(1), and even larger masses of tis- 
sue and greater volumes of blood were in- 
volved in the dog limb and lung studies than 
in the rat experiments. 


Additional experiments were performed in 
which combinations of epinephrine, nor-epine- 
phine and 5-hydroxytryptamine were injected 
before and after endotoxin, but no potentia- 
tion or depression of response to these simul- 
taneously injected drugs occurred in the doses 
and ratios of doses employed. Single intra- 
arterial injections of nor-epinephrine and 5- 
hydroxytryptamine were also separately 
made in isolated perfused lungs, limbs and 
kidneys of dogs before and after injections of 
endotoxin. No changes in vascular response 
were observed up to one hour after endotoxin. 


A complicating factor in the present study 
is that endotoxin may increase vessel tone 
(Exp. 3, Table II) so that pressure responses 
following subsequent injection of epinephrine, 
may not be directly comparable to those ob- 
tained before administration of endotoxin. 
Nonetheless, since organs were perfused at 
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constant flow, changes in perfusion pressure 
after epinephrine represent changes in resis- 
tance. These changes can be compared with 
each other although they do not necessarily 
represent comparable changes in the tone of 
the vascular smooth muscle. 

It may be that the differences between find- 
ings of the present study and those of Zwei- 
fach and others are due either to the kind of 
experimental preparation used or to the spe- 
cies employed. In any event it appears that 
alterations in vascular reactivity to epine- 
phrine may not be observed in all species and 
are probably unimportant in the dog. 

Summary. Experiments were carried out 
on isolated perfused lungs and forelimbs of 
adult dogs. There was no significant change 
in vascular response to epinephrine following 
injection of endotoxin. 
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Effect of Dietary Composition on Rat Liver Phosphorylase Activity. 
(24464) 


M. E. Nimnt, H. Carmtinatti anp J. M. DELLAcHA* 


(Introduced by E. Geiger) 


Dept. de Biologia y Medicina, Comision Nacional de Energia Atomica, Buenos Aires, Arg. 


In continuation of our studies on changes 
in enzymatic activity due to dietary adapta- 
tion we investigated the effect of feeding fat 
and carbohydrate diets on activity of liver 
phosphorylase. One of us recently reported 
that during absorption of fat in the rat the 
activity of liver alkaline phosphatase in- 
creased as compared to that of carbohydrate 
fed animals(1). This activity returned to 
normal after 12 hour fast, even though the 
animals had been adapted to the fat or car- 
bohydrate diets over an extended period. 
Since these results failed to indicate the pres- 
ence of a specific adaptative mechanism, we 
could only attribute the increase in enzyme 
activity to a transitory effect of fat absorp- 
tion. It has also been shown that substitution 
of protein, fat, galactose or fructose in the 
diet for a direct glucose source, produces an 
increase in activity of liver glucose-6-phospha- 
tase in the rat(2). Adaptation to a high fat 
diet increases rate of utilization of fat and de- 
creases that of carbohydrate in normal and 
hypophysectomized rats during subsequent 
fasting period(3). Fat adapted rats are also 
able to maintain more efficiently their blood 
sugar levels during periods of glycogenolysis 
(4). A correlation between level of phos- 
phorylase activity and rate of glycogen break- 
down has been found by several investigators. 
When liver slices are incubated in a medium 
containing high levels of Na there is an in- 
crease in phosphorylase activity parallel with 
increase in rate of glycogenolysis(5).  In- 
creases in rate of glycogenolysis and in phos- 
phorylase activity were also shown to take 
place in liver of obese hyperglycemic mice 
(6). Pancreas HGF, epinephrine and other 
sympathomimetic drugs induce similar effects 
(7). This apparent relationship between ac- 
tivity of liver phosphorylase and rate of gly- 
cogenolysis suggested the possibility of asso- 
ciating this enzyme with metabolic and bio- 


* Permanent address: Inst. Quimica Biolégica, Fac- 
ultad de Farmacia y Bioquimica. 


chemical changes that occur as a consequence 
of adaptation of rats to fat or carbohydrate 
diets. 

Materials and methods. Animals used were 
albino rats of CNEA strain. They were 
housed in individual cages. High fat and high 
carbohydrate diets were similar to those of 
previous experimentst(1). In long term 
feeding experiments, diets were offered ad 
lib. for 45 days. Growth was satisfactory for 
both groups. For determination of phos- 
phorylase activity, rats were sacrificed by a 
blow on the neck. The liver was removed, 
homogenized in a Potter-Elvehjem homoge- 
nizer at high speed, and diluted with 0.1 M 
NaF to obtain a 33% homogenate. During 
homogenization the tube was immersed in 
ice bath. The phosphorylase activity was de- 
termined not later than 1 hour after removal 
of liver. For determining enzymatic activity 
an aliquot of the homogenate (0.1-0.2 ml) 
was incubated with a substrate containing 
0.022 M glucose-1-phosphate,+ 0.073 M cit- 
rate buffer (pH 6.2) and 0.083 M NaF, in to- 
tal volume of 0.65 ml, for 30 minutes at 38°C. 
Fluoride was used for its ability to inhibit 
phosphoglucomutase(8) and acid phosphatase 
(9). At end of incubation, enzyme activity 
was stopped by addition of 1 ml of 10% TCA. 
Inorganic phosphate was determined in su- 
pernatant by the method of Fiske and Subba- 
Row(10). A phosphorylase activity unit or 
micromolar unit is the amount of enzyme that 
will liberate 1 »M of P from GI-1-P in the 
presence of fluoride, during incubation of 30 
minutes at 38°C at pH 6.2. 

Results. Table I shows effects of feeding 3 
g of either fat or carbohydrate diet to rats pre- 
viously fasted for 24 hours. These results are 
compared to those obtained with unfed fasted 
rats that had been previously maintained on 


t Vitamin supplement was VINUTRIN generously 
supplied by Lepetit, S. A. 

{ Gl-1-P was a generous gift of Sigma Chem. Co., 
St. Louis, Mo. 
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Diet AND LIVER PHOSPHORYLASE 


TABLE I. Effect of a Single Meal of a High Fat 
or a High Carbohydrate Diet, and of Fasting on 
Liver Phosphorylase Activity during Absorption. 
a 


Units of phos- 


Group No. rats Diet phorylase/g liver 
I 8 High CHO 167 (+46 ) 
II ll “fat ALORS TR Gey Ae 
III 20 21.6 (+ 7.8) 


regular stock diet. The animals fed the test 
meal were sacrificed 3 hours after feeding. In 
all instances food was still present in stomach 
and intestines at this time. A significant in- 
crease in phosphorylase activity was estab- 
lished in the carbohydrate fed group as com- 
pared to that of fat fed and non-fed animals. 

Table II summarizes effects of dietary 
adaptation and a subsequent 24-hour fast on 
activity of liver phosphorylase. These results 
show that fat adapted animals maintain a 
higher activity than carbohydrate fed rats. 
In this case adaptation has seemed to change 
radically the pattern of enzyme activity, as 
seen by comparing these results with those ob- 
tained with the non-adapted animals in Ta- 
ble I. 

Discussion. Carbohydrate feeding greatly 
stimulated activity of liver phosphorylase dur- 
ing the absorptive period, while feeding of 
fat seemed to slightly depress such activity. 
This increase of phosphorylase activity which 
follows ingestion of carbohydrate is compat- 
ible with augmentation of glucose metabolism 
that presumably occurs in liver as a conse- 
quence of increased supply of glucose. 

When animals were adapted to fat or carbo- 


TABLE II. Effect of Prolonged Feeding of High 
Fat and High Carbohydrate Diets on Liver Phos- 
phorylase Activity after 24 Hours Fasting. 


Units of 
No. Adaptation phosphorylase 

Group rats Diet period, days per g liver 
I 7 High fat 45 138. (2:55 -) 
IL 5 ” CHO a 24.6 (+ 6.7) 
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hydrate diets the level of enzyme activity dur- 
ing fasting was significantly higher in animals 
fed high fat diet. This increase in phosphory- 
lase activity would seem to result from adap- 
tive adjustment which takes place in the ani- 
mal to conform its metabolic pattern to its 
specific dietary intake, and could conceivably 
explain the mechanism by which the fat 
adapted rat is able to maintain its glycogen 
stores and blood sugar at higher levels during 
fasting than the carbohydrate adapted animal. 


Summary. During absorption of carbohy- 
drate by the rat there is a significant increase 
of liver phosphorylase activity. When animals 
were adapted to high fat and high carbohy- 
drate diets over 45 days and were then fasted 
24 hours, the fat adapted rats maintained a 
higher level of liver phosphorylase activity. 
These changes in enzymatic activity would 
seem to be consistent with metabolic and bio- 
chemical changes which have been shown to 
occur as a consequence of the specific dietary 
composition. 
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Genetic Differences in Hemoglobin as Markers for Bone Marrow 


Transplantation in Mice. 


(24465) 


RayMonp A. Popp, G. E. Coscrove, Jr. AND R. D. OWEN 
(Introduced by A. C. Upton) 
Biology Division, Oak Ridge National Laboratory,* Oak Ridge, Tenn. 


Immunological, histochemical, and cytologi- 
cal methods have been used to demonstrate 
the transplantation and_ repopulation of 
erythrocytic(1-4), platelet(S), thymocytic 
(6), and white blood cell(7,8) precursors from 
bone marrow cells of homologous or heterolo- 
gous origin. The immunohematological sys- 
tems now used to type mouse erythrocytes are 
based on differences at the H-2 locus(9,10). 
This system permits distinction of cells of 
donor origin from those of the recipient when 
donor and recipient are of distinguishable 
H-2 genotypes. Although chromosomal mark- 
ers(7) may be used, in cases in which donor 
and recipient are indistinguishable at the H-2 
locus, the technic cannot be applied to the cir- 
culating red cells. An independent method 
for distinguishing erythrocytes is, therefore, 
potentially useful in study of bone marrow 
transplantation, particularly where the H-2 
markers cannot be used. With paper electro- 
phoretic technics, Gluecksohn-Waelsch e¢ al. 
(11) identified inheritable hemoglobin differ- 
ences in mice. Starch gel electrophoresis, de- 
scribed by Smithies(12), can also be used for 
identifying hemoglobin differences in mice 
(Fig. 1). This preliminary report indicates 
that erythrocytes of mouse chimeras can be 
typed by using inheritable differences occur- 
ring in mouse hemoglobin. 

Methods. Mice used as donors and recipi- 
ents in this experiment were strains C57BL/S, 
101, and (C57BL/S & 101)F,. Erythrocytes 
of C57BL/S mice are of H-2 genotype and 
have the “single” type of hemoglobin, where- 
as erythrocytes of 101 mice seem to be of H-2" 
genotype and have the “‘diffuse” type. Eryth- 
rocytes of (C57BL/S x 101) Fy, also have 
diffuse hemoglobin. Donor bone marrow or 
splenic suspensions were injected intraven- 
ously and intraperitoneally, respectively, into 
X-irradiated recipients. Blood samples for 


* Operated by Union Carbide Corp. for U. S. 
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serological typing and starch gel electro- 
phoresis were obtained by severing the tail 
vein. 

Results. Table I gives comparative results 
obtained in the 20 mice cross-examined by se- 
rological technics(3) and by electrophoresis. 
The data show that, when bone marrow or 
splenic suspensions from a donor with one 
type of hemoglobin are transplanted into ir- 
radiated mice that differ at the H-2 locus and 
have another type of hemoglobin, the hemo- 
globin in the recipients’ circulating erythro- 
cytes, characterized by starch gel electro- 
phoresis, corresponds with the type of the red 
blood cells as characterized serologically. The 
electrophoretic method has not yet been re- 
fined sufficiently to detect small quantities 
(20% or less) of the single type hemoglobin 
when 80% or more of the red blood cells have 
the diffuse type. However, both hemoglobin 
type and red cell serotype seem to be under 
the autonomous control of the genotype of 
the nucleated cell from which the erythrocyte 
was derived. Makinodan and Anderson(13) 
also found that hemoglobin in mouse-grown 
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FIG. 1. Comparative patterns of mouse hemoglo- 
bins after electrophoresis in starch gel. Strip A 
shows the ‘‘diffuse’’ type of hemoglobin of strain 
101 miee that resolves into 3 eleetrophoretically 
separable fractions. Strip B illustrates the ‘‘sin- 
gle’’ type of hemoglobin of C57BL/S mice (R. 
Popp and W. St. Amand, unpublished data). 


X-irradiated Mouse Chimeras. 
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rat erythrocytes has physicochemical proper- 
ties of rat hemoglobin. Origin (host or re- 
cipient) of the circulating erythrocytes can 
therefore be inferred from the hemoglobin 
type as well as from the serotype. Thus, after 
transplantation of bone marrow cells between 
strains of mice with identical H-2 genotypes, 
one can infer whether the circulating erythro- 
cytes are of donor or recipient origin if there 
are differences in their hemoglobin types; e.g., 
C57BL/6 and 129/Rr are both H-2°, the for- 
mer has a single and the latter a diffuse hemo- 
globin. 

Snell e¢ al.(14) and Counce et al.(15) 
showed that the H-2 locus strongly affects 
transplantability of tumors and skin in mice. 
Trentin(16) and Uphoff(17,18) suggested 
that the H-2 antigens may also be important 
in reactions occurring after bone marrow 
transplantation into lethally irradiated mice. 
Bone marrow transplantations between sub- 
lines of mice indistinguishable at the H-2 lo- 
cus but with different hemoglobin types and 
varying degrees of heterogeneity at other loci 
may further help to elucidate the relative im- 
portance of the H-2 locus and other histocom- 
patibility loci in bone marrow transplantation. 

Summary. Both hemoglobin type and red 
cell serotype seem to be autonomously con- 
trolled by the genotype of the nucleated cell 
from which the erythrocyte is derived. Thus, 
genetic differences in hemoglobin can be used 
as markers for bone marrow transplantation 
in irradiated mice. Hemoglobin typing may 
be particularly useful where the H-2 markers 
cannot be used. 
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Incorporation of Cystine and Lysine by Normal and “Cystinuric” 


Leukocytes. 


F. F. BECKER AND H. GREEN 


(24466) 


(Introduced by B. W. Zweifach) 


Dept. of Pathology, N. Y. University Bellevue College of Medicine 


Cystinuria has been shown by Dent(1,2) 
to be a disease of renal tubules in which amino 
acids cystine, lysine, arginine and ornithine 
fail to be absorbed from the glomerular fil- 
trate. Since these substances can be consid- 
ered as structurally related di-amino acids(3) 
and their absorption from the glomerular fil- 
trate is largely controlled by a single gene(4), 
it has been suggested that a single mechanism 
for absorption of these amino acids exists in 
the renal tubules. However, other kinds of 
body cells are capable of concentrating amino 
acids, such as muscle(5), white blood cells 
(6), tumor cells(7), and established cell lines 
grown in vitro(8). If the concentration 
mechanism of amino acids by such cells were 
related to that of the kidney tubules, these 
cells might also be affected in the cystinuric 
individual, for biochemical defects in genetic 
diseases are frequently widespread. The fact 
that such a general metabolic abnormality has 
not been found in cystinuric subjects does not 
argue against this possibility, for whereas the 
defect in kidney tubules results in obvious 
failure to transport amino acids against a 
concentraton gradient into the blood, the other 
body cells might continue to obtain sufficient 
amino acids from blood by diffusion alone, 
the blood level of these amino acids in cystin- 
urics remaining normal or only slightly re- 


duced (2,9). If however, such cells were placed 
in a medium containing a considerably lower 
amino acid concentration than normal blood, 
any latent defect of this kind in the cystinuric 
cells might become evident. In the present 
experiment, therefore, white blood cells of nor- 
mal and cystinuric subjects were compared in 
their abilities to incorporate lysine and cys- 
tine from the medium, at concentrations below 
those existing normally in human blood, and 
at which rate of uptake depends upon concen- 
tration in the medium. At the lowest concen- 
tration tested, uptake of amino acids by nor- 
mal and “cystinuric” leukocytes was the same. 

Methods. The cystinuric subjects were a 
brother and sister in their forties who had an 
extensive family history of the disease; each 
had been operated on more than once for renal 
stones, but otherwise was in good health. Their 
urine gave a strong cyanide-nitroprusside test 
for cystine. White blood cells were separated 
from freshly drawn human blood by fibrino- 
gen sedimentation as described by Skoog and 
Beck(10). They were resuspended in iso- 
tonic sodium chloride solution and washed 
twice. The final suspension was made in the 
balanced salt solution of Eagle, BSS,(11) and 
the cells incubated with gentle shaking in 
water bath at 37°C, under atmosphere of 5% 
COs, 95% Ov. At time zero, labeled amino 
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FIG. 1. Lysine incorporation into normal and 
eystinurie leukocytes. Medium concentration of 2- 
C“ DL-lysine (0.6 mC/mM). Curve A—2.2 K 10“ 
molar. Curve B—0.43 & 10* molar. Q—normal 
leukocytes. X—cystinurie leukocytes. Ordinate 
represents mymoles of amino acid taken up by the 
cells. 

FIG. 2. Cystine incorporation into normal and 
eystinurie leukocytes. Medium concentration of S® 
L-eystine (3.84 mC/mM) 7.1 X 10° molar. eo 
normal leukocytes in absence of lysine and argi- 
nine; Q©—normal leukocytes and x—cystinuric 
leukocytes, each in presence of 2.5 X 10° molar 
L-lysine and L-arginine. 


acid was added, and at intervals aliquots were 
diluted into 20 ml cold BSS and plated and 
washed on a membrane filter (millipore). The 
infinitely thin samples were air dried, mounted 
on planchets, heated in forced draft oven at 
70°C, one hour, and then counted. (Previous 
experiments had shown that substantially all 
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the counts at these concentrations were insol- 
uble in hot 5% trichloroacetic acid, and there- 
fore had become incorporated into cell pro- 
tein.) From counts/minute in the sample, 
and the specific activity of amino acid added, 
the molar quantities taken up were calculated. 

Results. Fig. 1 shows uptake of lysine at 
2 different concentrations in the medium. 

Incorporation began immediately at maxi- 
mum rate but slowed considerably by 90 min- 
utes. At these low concentrations of lysine, 
rate of uptake depended on concentration, as 
previously shown for leucine uptake by white 
blood cells(12). Rate of uptake at a DL-ly- 
sine concentration of 0.43 x 104M was only 
about half that at 2.2 x 10+M, but at both 
concentrations the cystinuric white blood cells 
took up lysine as well as normal ones. 

Uptake of cystine was followed at concen- 
trations as low as 7.1 x 10°°M and the white 
blood cells of cystinuric subjects took up cys- 
tine at a normal rate. Lysine and arginine 
added to the medium in high concentrations 
(2.5 x 10°°M) did not affect rate of uptake 
of cystine by either normal or cystinuric white 
cells (Fig. 2). 

It appeared, therefore, that no defect could 
be demonstrated in uptake of lysine and cys- 
tine by cystinuric white blood cells, at con- 
centrations considerably below normal blood 
concentration(9). In addition, there was no 
demonstrable effect of arginine or lysine on 
cystine uptake by either cystinuric or normal 
white blood cells, although such competition 
occurs in the renal tubules(13). If, as 
seems likely, cellular concentrating mechan- 
isms for amino acids play a role in determin- 
ing rate of entry of amino acids into cells(14) 
then these mechanisms may be basically dif- 
ferent from those involved in tubular absorp- 
tion of amino acids from the glomerular fil- 
trate, or, if they are similar, a defect in such a 
mechanism might exist in tubular cells alone.* 

Summary. Leukocytes of cystinuric pa- 
tients incorporate labelled cystine and lysine 
from the medium at a normal rate, even when 


* It is interesting to note that in a recent study of 
the concentrating power of human cells cultivated 
in vitro (HeLa) the amino acids involved in cystin- 
uria formed a distinct group as the most poorly con- 
centrated of all the amino acids(8). 
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these amino acids are added in very low con- 
centration. Rate of uptake of cystine by either 
normal or ‘“cystinuric” leukocytes is not af- 
fected by presence of high concentrations of 
arginine and lysine. The mechanism of renal 
tubular concentration may therefore be dif- 
ferent in kind from that of leukocytes. 
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Previous studies using normal young albino 
rats have shown that handling or gentling re- 
sults in significant increases in weight gain 
and skeletal length(1,2), superior learning 
ability (3), and increased resistance to certain 
forms of stress(4,5). It has recently been 
shown that hypophysectomy alters some of 
the response to handling(6). The purpose of 
this paper is to report the influence of adrenal- 
ectomy on certain effects induced by handling. 

Methods. ‘Three consecutive experiments 
were done using young male rats of Sprague- 
Dawley strain.t Bilateral adrenalectomy was 
performed in a single operation on 23rd day 
of life in Exp. I and on 21st day in Exp. II 
and III. The animals were weighed and then 
divided into 2 equal groups: 1) Beginning on 
day following adrenalectomy each animal of 
experimental group was handled individually 
for 10 minutes every day at same time of day 
for 2 months. In each experiment a different 


* Supported by grant from U.S.P.HS. 
t Obtained from Hormone Assay Labs., Chicago. 


investigator handled the animals. Handling 
consisted of holding the animal in one hand 
and stroking it repeatedly with the other hand 
from head to- tail with animal facing the 
handler. 2) Control animals were never 
touched after their original placement in cages 
following adrenalectomy. A weighed amount 
of food in dish (Exp. I and IT) or special feed- 
ing cup? to minimize spillage (Exp. III) was 
placed in each cage and leftover food weighed 
to determine individual daily food consump- 
tion. Food used in Exp. No. I and II was 
as follows: 480 g canned dog food (Pard®), 
2 slices of crumbled whole wheat bread, and 
2.5 ml Vi-Daylin® (liquid multivitamin prepa- 
ration marketed by Abbott Labs.). These 
ingredients were thoroughly mixed and formed 
a soft, adherent mass such that food loss from 
spillage was minimal. In Exp. III powdered 
Purina Rat Chow was used. In all experi- 
ments 5% glucose in normal saline was sup- 
plied as drinking water. Animals were housed 
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individually in wire cages arranged in rack so 
that handled and unhandled animals alter- 
nated. The animals were weighed weekly in 
their cages and weight of cages subtracted to 
avoid handling. The temperature of animal 
room was maintained at 80 + 2° F. After 
6 weeks animals of each group were tested on 
a black-white discrimination problem. The 
apparatus was a T-shaped discrimination box, 
described elsewhere(3). Either arm of the 
T could be lighted, and the training was light- 
positive. The sequence of turns for the lighted 
alley was L (left) R (right) RLLRLRRL for 
odd tens of trials and RLLRRLRLLR for 
even tens. Animals were allowed 5 runs a day 
for the first 2 days and 10 runs a day there- 
after, until each animal reached the criterion 
of learning (2 successive errorless days of 10 
trials each), except that all animals were given 
at least 100 trials. Record was also kept of 
number of errors made by each animal. An 
error was considered to have been made if the 
animal’s body, exclusive of tail, entered the 
unlighted T-arm. Following completion of 
testing, animals in Exp. I and III were tested 
for resistance to a single intraperitoneal dose 
(50 mg/kg) of thiourea as previously de- 
scribed(7). At end of experiment, the animals 
were sacrificed and examined for residual 
adrenal tissue. 

Results. Table I shows the data from the 
3 experiments. There was no significant dif- 
ference in food consumption, weight gain, 
maze learning ability, or resistance to thiourea 
toxicity between handled and unhandled ani- 
mals. 

Small amounts of residual or regenerating 
adrenocortical (but no medullary) tissue were 
found at autopsy in animals from each ex- 
periment. Since the autopsies were done about 
one month after experiments were completed, 
it is assumed that all animals were deficient 
in adrenal hormones during the study. A 
comparison of animals with and without resi- 
dual adrenal tissue with respect to weight gain, 
food consumption, maze learning ability and 
resistance to thiourea toxicity revealed no sig- 
nificant difference. 

The results of our experiments indicate that 
a certain minimum level of adrenal hormones 
is necessary for the enhancing action of hand- 


698 


ling on weight gain, efficiency of food utiliza- 
tion, maze learning ability and resistance to 
thiourea toxicity previously reported in the 
normal young albino rat. Whether the effects 
of handling in question depend on presence of 
adrenal medullary and/or adrenocortical hor- 
mones remains to be determined. The fact 
that significant effects of handling on weight 
gain and food utilization occur in the hypo- 
physectomized rat(6) does not resolve this 
problem. It could be argued that because 
these changes occur in the absence of ACTH, 


adrenal medullary hormones (not known to ' 


be influenced by hypophysectomy) are the 
crucial factors. On the other hand, it could 
be postulated that the diminished effects ob- 
served in the hypophysectomized rat (as com- 
pared to normal rat) implicate the adrenocor- 
tical hormones known to be diminished by hy- 
pophysectomy. 

Summary. Experiments indicate that the 
adrenal gland is necessary for the enhancing 
effects on weight gain, efficiency of food utili- 
zation, maze learning ability and resistance to 
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thiourea toxicity previously shown to result 
from handling, in the intact young albino rat. 


AppenpuM: Experiments completed since this man- 
uscript was submitted indicate that handling does not. 
regularly cause an increased weight gain in normal 
rats (Sprague-Dawley and Wistar strains) whereas 
it does consistently increase learning ability and re- 
sistance to stress. These findings indicate that the 
lack of effect of handling on weight gain in the ex- 
periments reported in this paper may be due to fac- 
tors other than the absence of the adrenal glands. 
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In temperate zones, the importance of a 
mosquito-bird-mosquito cycle for disseminat- 
ing western equine encephalomyelitis (WEE) 
virus in summer is well established(1). A 
major problem, however, in a study of the 
ecology of WEE virus is the overwintering 
mechanism. One such mechanism suggested 
has been a continuing bird-mosquito-bird 
cycle in warmer climates with seasonal inva- 
sion of colder climates through migrating 
birds. Reeves et al.(2) reported that chronic 
latent infection of 1 to 10 months’ duration 
occasionally occurs in wild birds experi- 
mentally infected with WEE virus and sug- 
gested that this may account for maintenance 
of virus during winter months. However, 
Kissling e¢ a/,(1) did not isolate WEE virus 


from blood of 764 birds wintering in southern 
U. S. or from 739 birds entering the same 
area on their spring migration. The relative 
paucity of evidence that birds served as a 
winter reservoir of virus or reintroduced it into 
northern areas each year suggested a consid- 
eration of hibernating animals. With regard 
to mosquitoes themselves, evidence is mount- 
ing that they are relatively unimportant as 
a winter reservoir of infection(3,4,5,6). Hi- 
bernating vertebrates were considered, since 
on theory of latent infection(2), such species, 
if susceptible, might serve to maintain virus 
during winter months and to disperse it when 
vectors become active. Field studies showed 
that Culex tarsalis, the mosquito vector, over- 
winters in rock piles(5) and that many snakes 
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TABLE I. Susceptibility of Garter Snakes (Thamnophis spp.) to Western Equine Encephalo- 
myelitis Virus. 


Days after feeding 
or inoe. on which Highest dilution 


Method of blood tested for in which virus 
Snake No. infection Dosage presence of virust was detected* Remarks 
. (day) 
2 Bites, 9 mosquitoes (1),4,5,6,8,12,13,15, iKgiet Peat Died 23rd day 
18,20,21,22,23 

94 a. “3 3,6,8,13,16 L013 ah ahsey 
27 vag ie 4,7 10*+ 7 es 3th? 

1 I.P. inoculation 10°LD, 3,7, (13,14,15,17,21) INED) Survived 
40 Idem » 56, 10-7} 12 Died 15th day 
42 » * 4,6,12,15, (18,22) 10“ 12 Survived 
50 ” 10*LD;, 10,36 N.D. Died 36th day 


* Generally only one blood specimen was checked for amount of virus present. 
+ Days on which no virus was found are enclosed in parentheses. 


¢ Highest dilution tested. 


also hibernate in these sites. Laboratory in- 
vestigations revealed that C. tarsalis feeds on 
garter snakes in absence of other hosts(7) and 
Dow et al.(8) collected blood-engorged C. tar- 
salis in snake-baited traps. This preliminary 
report presents data showing that garter 
snakes can be infected readily either by bites 
of infected C. tarsalis or by intraperitoneal in- 
oculation of a recently isolated mosquito 
strain of WEE virus. 

Methods. The strain of virus used was 
isolated from C. tarsalis collected in the state 
of Washington in 1957 and was kept at —76°C 
after one passage in chicks and one in suck- 
ling mice. C. tarsalis of the original Rocky 
Mountain Laboratory (RML) strain(9) were 
infected by feeding on 1-day-old chicks which 
had been inoculated with mouse-brain suspen- 
sion of WEE virus. Chicks were used because 
they develop a more intense viremia than 
other laboratory animals. Before feeding 
mosquitoes on snakes, the mosquitoes were 
held at 24°C for 5-10 days to allow virus to 
proliferate. Wild garter snakes (Thamnophis 
spp.) were held in the laboratory at room 
temperature. Blood was obtained from them 
by snipping their. tails and was tested in suck- 
ling mice for virus content. All garter snakes 
were tested for virus before inoculation or in- 
fective feeding. 

Results. Three snakes were fed upon by 
2,9, and 20 infected mosquitoes, respectively. 
Viremia of 4 to 20 days’ duration was ob- 
served (Table I). In one snake, virus was 
detected in a 10° dilution of whole blood, 


N.D. = Not determined. 


which was the highest dilution tested. This 
quantity of virus in a host is sufficent to infect 
mosquitoes (unpublished). All snakes died 
between 8th and 23rd day after mosquitoes 
had fed on them. There was no implication 
that WEE virus was responsible for death, 
which may have been related merely to trau- 
ma associated with bleeding. 

Four snakes were injected intraperitoneally 
with a suspension containing 10* or 10° LD5o 
of virus as determined by titration of the sus- 
pension in suckling mice. Virus was detected 
in blood of each snake. The titer of virus in 
one snake was at least 10‘, the highest dilu- 
tion tested. Virus persisted in one snake for 
36 days, at which time the snake died. 

Virus isolated from blood of snakes Nos. 2, 
27, 40, 94, and 50 was identified as WEE virus 
by neutralization test; isolates from snakes 
Nos. 1 and 42 were presumed to be WEE virus 
because of the characteristic death pattern of 
suckling mice. Antibody titrations in snakes 
surviving were not carried out. 

Summary. 1) It has been demonstrated 
that garter snakes are susceptible to infection 
with WEE virus. This is the first evidence, 
to the best of our knowledge, that a virus 
which is an important parasite of avian and 
mammalian hosts can infect a cold-blooded 
vertebrate and cause viremia of high titer and 
long duration. 2) The possibility that snakes 
may play a role in overwintering of the virus 
is being investigated. 
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(Introduced by Herbert R. Morgan) 


Dept. of Bacteriology, University of Rochester School of Medicine and Dentistry, Rochester, N. Y. 


A number of substances have been shown 
to increase the spread of intradermally inject- 
ed indicators; however, “enzymatic spreading 
factor” has been applied almost exclusively to 
hyaluronidase(1,2). Many species of bac- 
teria produce hyaluronidase, whose action as 
a spreading factor in animal tissue has been 
correlated with depolymerization of hyalu- 
ronic acid in vitro. Similarly, bacterial chon- 
droitinase has been shown to degrade the poly- 
saccharide chain in chondroitin sulfuric acid 
in vitro(3,4); however, spreading factor ac- 
tivity in animal tissue has not been described. 
Chondroitin sulfuric acid as well as hyalu- 
ronic acid has been isolated from skin of rab- 
bits(5), and more recently from human gingi- 
val tissue(6). The present report is con- 
cerned with observations on spreading factor 
activity of chondroitinase produced by oral 
microaerophilic diphtheroid bacillus. 


Materials and methods. A\\ injections were 
made intradermally in albino rabbits and were 
given in area approximately 5 cm from spinal 
column on either side of animal. Bacterial 
culture supernates or filtrates and testicular 
hyaluronidase tested for spreading factor ac- 
tivity were administered in 0.5 ml volume con- 
sisting of 0.25 ml of test solution and 0.25 ml 
of 1:2 dilution of india ink in pH 6 buffer(7) 


* This investigation was aided by U.S.P.HS. grant 
Nat. Inst. of Dental Research. 


! Now at Nat. Inst. of Dental Research, N.I.H., 
Bethesda, Md. 


and comparing area of spread with that pro- 
duced by control injection of 0.85% sodium 
chloride, sterile broth, or test material previ- 
ously heated at 100°C for 10 minutes. Ani- 
mals were sacrificed, their skins removed, and 
areas of spread estimated by measuring dia- 
meters on underside of the dermis. To dem- 
onstrate increase in permeability of vascular 
connective tissue, 0.5% Evans blue was ad- 
ministered in 5 ml volume into marginal ear 
vein 3 minutes prior to intradermal injection 
of test material. Recordings of accumulation 
of dye at site of intradermal injection were 
made 5, 15, and 30 minutes after intradermal 
injection of test material. Dye accumula- 
tions were recorded as area of spread and on 
an arbitrary visual comparison as to intensity 
of color. Three strains of a chondroitinase- 
producing microaerophilic diphtheroid bacil- 
lus, designated as strains D2, D3, and D5, 
isolated originally from human gingival crev- 
ices(4), were used. A casitone-yeast extract 
broth containing 150 mg casitone (Difco), 50 
mg yeast extract (Difco), and 50 mg sodium 
chloride/10 ml of medium was satisfactory for 
production of chondroitinase by these organ- 
isms. The pH of medium was adjusted to 7.2 
before sterilization by autoclaving at 120°C 
for 20 minutes. Inocula were prepared from 
anerobic cultures maintained- on sheep blood 
agar. Broth cultures were incubated simi- 
larly under a mixture of gas containing 95% 
Nez and 5% COs. All cultures were incubated 


SPREADING FACTOR ACTIVITY OF BACTERIAL CHONDROITINASE 


FIG. 1 (top). Spreading of india ink in rabbit 
skin produced by (A) sterile broth, (B) strain D3 
culture supernate, (C) strain D3 heated culture 
supernate, and (D) 0.85% sodium chloride. 

FIG. 2 (bottom). Accumulation of intravenously 
injected Evans blue in areas of rabbit skin pro- 
duced by (A) strain D2 heated culture supernate, 
(B) D2 (C) D3 (D) D5 culture supernates con- 
taining chondroitinase activity. 


for at least 3 days. Culture filtrates of Staphy- 
lococcus aureus, strain SAB2, stored at —20°C, 
were used as source of bacterial hyaluroni- 
dase. Testicular hyaluronidase, a product of 
Armour Lab., was assayed before each experi- 
ment. Chondroitinase and hyaluronidase were 
expressed in turbidity reducing units (TRU) 
(4,8), using substrates potassium chondroitin 
sulfate and potassium hyaluronate from hu- 
man umbilical cord(7). 

Results. Fig. 1 demonstrates typical 
spreading of india ink in rabbit skin by bac- 
terial culture supernate containing 25 TRU/ 
ml of chondroitinase. The marked increase 
in diffusion of india ink in the area of skin re- 
ceiving the chondroitinase-containing prepa- 
ration (Fig. 1B) is to be noted in comparison 


701 


TABLE I, Spreading of Intradermally Injected 
Choudroitinase and Hyaluronidase - Containing 
Preparations in Rabbit Skin. 


Staphylo 


D2* D3" coceal 
supernate supernate filtrate+ 
Treatment Area of spread in em* (1 hr) 
None 5.9 7.0 3.3 
Diluted 1:2 3.9 5.9 3.1 
(.85% NaCl) 
Diluted 1:5 2.4 2.4 2.4 
(.85% NaCl) 
100°C for 10 min. 2.4 2.4 2.4 


* Signifies 2 strains of diphtheroid bacilli. Super- 
nate contains approximately 25 TRU chondroiti- 
nase/ml and < 1 TRU hyaluronidase/ml. 

t Filtrate contains approximately 40 TRU hyalu- 
ronidase/ml. No chondroitinase activity deteet- 
able. 


to that produced by any one of the 3 control 
injections. Table I shows results one hour after 
administering supernates from 2 strains of 
diphtheroid bacilli and from a filtrate of S. 
aureus. The chondroitinase-containing prep- 
arations effect 2 to 3 times as much spreading 
factor activity as that produced by staphylo- 
coccal filtrate containing 40 TRU of hyalur- 
onidase/ml. Spreading factor activity has 
apparently disappeared when test materials 
were diluted 1:5 and as expected when prepa- 
rations were heated. Heating destroyed also 
its in vitro activity. 

Fig. 2 shows accumulation of intravenously 
injected Evans blue in areas receiving bac- 
terial chondroitinase as compared with accu- 
mulation of dye in area receiving a heat-inac- 
tivated preparation. Accumulation of some 
dye in area receiving heat-inactivated prepa- 
ration (Fig. 2A) can probably be explained 
on the basis that the medium contains certain 
nonspecific spreading factors such as peptones 
shown to increase permeability of connective 
tissue(9). It may be that chondroitinase in 
such preparations is not directly responsible 
for increase in vascular permeability noted. 
Benditt et al.(10) have demonstrated that 
purification of bull-testis hyaluronidase tends 
to render it incapable of increasing capillary 
permeability and that impurities in the ex- 
tract are actually responsible for the increase 
in vascular permeability observed. A similar 
situation may exist with regard to chondroi- 
tinase-containing culture supernate. Sub- 
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stances other than chondroitinase could be re- 
sponsible for increasing permeability of capil- 
laries and thereby account for accumulation 
of some Evans blue in areas receiving heat 
inactivated preparations or sterile broth. The 
increased area of spread induced by chondroi- 
tinase-containing preparation may be due only 
to depolymerization of ground substance sur- 
rounding the capillary bed by the enzyme 
with increase in vascular permeability due to 
other, unknown factors. Until one has a 
highly purified preparation of chondroitinase, 
it is still questionable that the enzyme is act- 
ing directly on the capillary wall. It is cer- 
tainly conceivable that the enzyme could be 
acting on components of vascular tissue, since 
the available substrate may be present(11). 
Attempts made to dialyze out the interfering 
substances in the bacterial supernate were 
unsuccessful. 

It was of interest to observe that the action 
of testicular hyaluronidase and chondroitin- 
ase-containing preparations were of the same 
degree in increasing vascular connective tissue 
permeability. In both cases after intradermal 
injection, the bleb produced immediately flat- 
tened and accumulation of Evans blue began 
after about 5 minutes and showed maximum 
intensity of color after 30 minutes. In con- 
trast, heat-inactivated diphtheroid supernates 
and heat-inactivated testicular hyaluronidase 
produced a bleb which remained raised almost 
throughout the observation period. No ac- 
cumulation of dye took place in the area re- 
ceiving heat-inactivated testicular hyaluroni- 
dase and only a pale blue accumulation in the 
area receiving heat-inactivated diphtheroid 
supernate. If the constituents of the culture 
supernate, other than chondroitinase, were re- 
sponsible for the increase in vascular perme- 
ability, they are apparently different from 
those in bull-testis extract since these have 
been reported to be heat labile(10). This 
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observation has been confirmed in our experi- 
ments since heated testicular hyaluronidase 
had no effect on permeability of vascular con- 
nective tissue. 

Summary and conclusions. The finding 
that chondroitin sulfuric acid as well as hyal- 
uronic acid is among the components of hu- 
man gingival tissue(6), and the demonstration 
that microorganisms capable of breaking down 
this substance are present in the gingival crev- 
ice, has led to the belief that bacterial chon- 
droitinase may be contributory to the struc- 
tural breakdown of the gingival elements(4). 
Experiments here reported demonstrate that 
bacterial chondroitinase is capable of eliciting 
the spreading factor phenomenon in connec- 
tive tissue in the same manner as bacterial 
and testicular hyaluronidase and may further 
emphasize the importance of polysaccharases 
in pathogenesis of periodontal disease. 
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Agents Resembling Enteroviruses Isolated in HeLa Cell Cultures from 


Fecal Specimens.* 


(24470) 


Jurrus A. KAset, HENRY G. CRAMBLETTt AND JOHN P. Utz 
Dept. of Health, P.H.S., Nat. Inst. Health, Nat. Inst. of Allergy, Bethesda, Md. 


From an outbreak of respiratory illness oc- 
curring at a convalescent home for children 
in Washington, D. C. during summer of 1956, 
cytopathogenic agents with some characteris- 
tics of enteroviruses(1) were isolated in HeLa 
cell tissue cultures from fecal specimens. 
These agents did not produce cytopathic 
changes in monkey kidney cell cultures and 
also lacked pathogenicity for suckling mice 
and other laboratory animals. This report 
deals with isolation, and biologic characteriza- 
tion of these agents. 

Materials and methods. Specimens: Phar- 
yngeal, conjunctival, nasal, and anal swabs 
as well as stools were collected from patients 
and prepared as previously reported(2). All 
specimens were kept frozen at —20°C until 
used. Portions of specimens were inoculated 
into HeLa and rhesus monkey kidney cell 
cultures+ and into 3-day-old Swiss mice. 
Culture media. Monkey kidney cultures were 
maintained in medium consisting of 98 parts 
Medium 199(3) and 2 parts inactivated 
(56°C for 30 minutes) calf serum. Mainte- 
nance medium for HeLa cell cultures con- 
sisted of 70 parts Medium 199, 25 parts tryp- 
tose phosphate broth, and 5 parts inactivated 
chicken serum. Maintenance medium for 
human embryonic fibroblasts (MAF line) was 
composed of 97 parts Medium 199 and 3 parts 
inactivated horse serum. All media contained 
penicillin, streptomycin, and nystatin in final 
concentration of 250 U, 250 pg, and 125 U/ 
ml respectively. Stock virus pools. One- 
tenth ml of undiluted fluid harvested from 
positive tissue cultures was inoculated into 
tube cultures of HeLa cells. When maximal 
degeneration occurred the tubes were frozen 


* From thesis submitted to Graduate School of 
Georgetown University in partial fulfillment of re- 
quirements for degree of Master of Science. 

+ Present address: Dept. of Pediatrics, College of 
Medicine, State Univ. of Iowa, Iowa City. 

t Cell cultures obtained from Microbiological As- 
sociates, Bethesda, Md. 


at —20°C, thawed slowly, and the fluids pooled 
and centrifuged at 1500 rpm for 20 minutes. 
The supernatant fluid was decanted and ali- 
quots stored at —50°C in screw-capped vials. 
Neutralization tests. Two-fold dilutions of 
serum (inactivated at 56°C for 30 minutes) 
were incubated for 2 hours at 37°C with equal 
volume of stock virus diluted to contain 50- 
100 TCD; /inoculum. Two-tenths ml of 
serum-virus mixture was then inoculated into 
each of 2 MAF cell cultures. Final readings 
were made on fifth day after inoculation which 
was 48 to 72 hours after virus controls devel- 
oped 2 to 4 plus cytopathic effects (CPE). 
Complete inhibition of CPE was considered 
evidence of neutralization. Antiserums to 
several strains of isolates were prepared in 
rabbits by intravenous injections. Seven in- 
oculations of 1.5 ml of a stock virus pool 
known to contain at least 10° TCD; )/ml were 
administered within the first 3 weeks. Two 
booster inoculations were given; the first, at 
least one month after fifth inoculation and the 
second, one month later. Serum was collected 
by cardiac puncture one week after last in- 
oculation. 


Results. Agents were recovered in HeLa 
cell cultures inoculated with fecal specimens 
obtained from 8 of 10 patients. Within 48 
hours of specimen inoculation, there was evi- 
dence of cellular destruction. CPE and clini- 
cal disease were absent respectively in monkey 
kidney cultures and infant mice. Attempts in 
these patients to recover virus from specimens 
other than fecal specimens were consistently 
negative. 

The CPE in HeLa cells could not be distin- 
guished from that produced by poliovirus. 
One-tenth ml of undiluted stock virus pools 
produced complete degeneration within 24 
hours in HeLa cells, and after inoculation of 
0.5 ml there was usually one plus typical CPE 
within 8 hours. Limiting dilutions usually 
produced CPE within 72 hours. Titrations 
of stock virus pools in HeLa cells yielded titers 
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of 10°5 to 107° TCD; /ml. The prototype 
virus (Pett. strain) was carried through 23 
passages in HeLa cells. 

MAF cultures were less sensitive for detec- 
tion of virus, and with some strains showed 
slow progression of CPE. After several pas- 
sages in MAF cells, the viruses produced rap- 
idly progressing CPE, and this tissue could 
then be used for neutralization tests. 

To define cell host pattern of virus isolates, 
0.2 ml of stock virus pools titering 10° to 
1075 TCD; 9/ml were inoculated into tube 
cultures of amnion, liver, intestine, conjunc- 
tiva, carcinoma (KB strain), heart and fibro- 
blasts of human origin and into heart(4) and 
kidney cultures of simian origin. For these 
experiments the medium used for maintenance 
of HeLa cells was used. CPE was observed 
in all cell lines with the exception of monkey 
renal epithelium. Repeated attempts with 
varied amounts of inocula and progressive 
passage harvests of positive HeLa cultures 
consistently failed to provoke CPE in rhesus 
monkey kidney cultures. A single trial with 
cynomolgus monkey kidney cultures also 
failed to induce CPE. 

No detectable disease was produced when 
portions of stock virus pools were inoculated 
by different routes into one and 3-day-old 
mice, adult mice, 3-day-old Syrian hamsters, 
and in adult guinea pigs and rabbits. From 
the 3-day-old mice, which were inoculated in- 
tracerebrally (i.c.) and _ intraperitoneally 
(i.p.), 2 mice were killed on fifth day after 
injection; 10% carcass suspensions were pre- 
pared and portions inoculated i.c. and i.p. into 
other 3-day-old mice. Four serial blind pas- 
sages were done by this method. Mice were 
observed for 21 days, and none developed de- 
tectable disease. Carcass suspensions at each 
passage were inoculated into HeLa cells and 
no virus was recovered. Isolates from 5 pa- 
tients were tested in this manner. 

Undiluted stock virus pools were inoculated 
amniotically and allantoically respectively into 
7- and 10-day-old embryonated hen’s eggs. 
Fluids were harvested individually and tested 
for presence of hemagglutinins with human 
Group O and chicken erythrocytes. Fluids 
from each group were then pooled and _ pas- 
saged to HeLa cells and another set of eggs. 


AGENTS RESEMBLING ENTEROVIRUSES 


Three and 7 serial transfers were made re- 


spectively by allantoic and amniotic routes. — 


Of 6 isolates tested by the allantoic method 
and 4 isolates tested by the amniotic method, 
no hemagglutination was obtained and no 
virus was recovered in HeLa cells at any egg 
passage level. Also no gross lesions were seen 
in embryos or membranes. 

No loss of virus activity was observed after 
treatment of virus isolates with diethyl ether 
in a 20% final concentration for 18 hours at 
4°C. Infectivity of virus isolates was de- 
stroyed at 65°C for 30 minutes. Moreover, 
a significant loss of titer was noted when iso- 
lates were heated at 56°C and 62°C for 30 
minutes. The agents tolerated a minimum of 
at least 15 cycles of freezing and thawing 


without any apparent loss of titer and re- | 


mained viable at 4°C for at least 30 days. 
The agents were recovered from the original 
fecal specimens after storage for 2 years at 
—20°C. The virus passed through a Gradocol 
membrane of apparent pore diameter 55 mmu. 

Eight stock virus pools were tested for he- 
magglutination activity with human type O 
red cells. Incubation temperatures were 
varied at 22°C, 37°C, and 4°C and the dilu- 
ent was adjusted to pH’s of 5, 6, 7, and 8. 
Guinea pig, less-than-3-day-old and adult 
chicken erythrocytes were also tested at pH 
7. Each virus strain was tested more than 
once, and in no instance was the presence of 
viral hemagglutinins detected. 

Initial attempts to demonstrate neutraliza- 
tion of even 3 TCD; in HeLa cultures by 
rabbit antiserum and human convalescent se- 
rums were unsuccessful, or at most showed 
only slight delay of CPE. Satisfactory neu- 
tralization tests were obtained when the tests 
were performed in MAF cells with pools of 
MAF adapted virus. Eight isolates were neu- 
tralized by 3 rabbit antiserums prepared from 
different strains. Also paired serums from 5 
patients showed significant antibody rises 
against the prototype virus. 

To determine serologic distinctness of the 
Pett. virus from known human enteroviruses, 
rabbit antiserum to the Pett. virus, having 
homologous neutralizing antibody titer of 
1:160, was tested at dilution of 1:10 or 1:20 
against 50-100 TCDs» or suckling mouse LD5o 


DCA-BLockING Errects OF PROGESTERONE 


of each of the following: Coxsackie, ECHO, 
and poliovirus. Neutralization tests with 
Coxsackie Group A types 1-8, 10, 12, 14, 16, 
17, and 19 were done in suckling mice, and 
tests with Coxsackie Group A types 9, 11, 13, 
15, and 18, Coxsackie Group B types 1-5, 
ECHO types 1-20, and poliovirus types 1-3 
were done in MAF or monkey kidney cultures. 
In no instance was neutralization observed. 

Discussion. The properties of these agents 
in regard to size, ether resistance, tempera- 
ture stability, CPE, recovery from fecal speci- 
mens, and isolation during summer would 
place them in the Enterovirus Group. The 
failure of these agents to produce CPE in 
monkey kidney cells and disease in laboratory 
animals suggested that these agents were dif- 
ferent from enteric viruses currently reported. 
The inability of a prototype rabbit antiserum 
prepared from one of these isolates to neu- 
tralize known members of the enteroviruses 
added further evidence that they are not anti- 
genically related. 

Neutralization of virus isolates by 3 dif- 
ferent rabbit antiserums would indicate that 
these agents are antigenically similar. The 
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presence of specific antibody capable of neu- 
tralizing the prototype of this group in con- 
valescent human serums would confirm their 
original presence in these patients. The spec- 
trum of clinical illness associated with these 
agents will be described separately. 


Summary. Agents isolated from fecal 
specimens in HeLa cell cultures possessed 
properties similar to enteric viruses. Serolo- 
gic evidence indicated that these agents were 
not immunologically related to known mem- 
bers of the Enterovirus Group. 


The authors wish to acknowledge the technical 
assistance of Mr. Clarence F. Szwed, Mr. Holly A. 
Smith, Mr. James M. Turner, and Mr. Donald L. 
Hollabaugh. 
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Blocking Urinary Electrolyte Effects of Desoxycorticosterone with 


Progesterone in Rats.* 


(24471) 


C.M. Kacawa 
Division of Biological Research, G. D. Searle & Co., Chicago, Ill. 


Progesterone causes an increased urinary 
excretion of Na in Addisonian patients 
treated with desoxycorticosterone (DOC) 
possibly by competition between the 2 ster- 
oids in the kidney; progesterone was not ef- 
fective in the absence of DOC treatment(1). 
The present report on electrolyte effects of 
progesterone in rats supports these findings 
and shows, in addition, that DOC-like prop- 
erty of the steroid limits blocking efficiency at 
large doses. 

Method. Male Sprague-Dawley rats (150- 

* The author. appreciates technical assistance of 
Misses Janet L. Wallen and Clarice A. Kieffer and 
helpful criticism and suggestions of Drs. V. A. Drill 
and C. G. Van Arman. 


200 g) were adrenalectomized and maintained 
with sucrose cubes and tap water overnight. 
Approximately 24 hours post-operatively, the 
animals were subcutaneously injected with 
2.5 ml 0.85% NaCl solution in shoulder re- 
gion, and with desoxycorticosterone acetate 
(DCA) in 0.1 ml Mazola oil. Other animals 
also received subcutaneous injection of pro- 
gesterone in 0.5 ml oil. A 4-hour sample of 
urine was collected in metabolism cages and 
analyzed for Na and K concentration after 
dilution to 25 ml with water. Mean values of 
Na/K ratio were determined after analyses 
with Beckman flame photometer, using in- 
dividual or pooled samples of urine. In this 
method, 12 to 48 »g of DCA cause Na reten- 
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tion, some K loss and maximal reductions in 
the ratio of Na/K. Blocking activity was 
based on reversal of the Na/K effects of DCA, 
a less variable measurement than Na or K 
alone. 


Results. Preliminary results from pooled 
data of separate tests showed ability of pro- 
gesterone to block electrolyte effects of 12 
ug DCA (Table I). Significant blocking of 
Na/K effects was obtained with 2.4 and 4.8 
mg doses; in this method, the Na/K value 
of 0.94 is significant (P<0.05) with 18 rats. 
The effects of progesterone were interpreted 
as incomplete (cf. mean values of untreated 
controls) and resulting from simultaneous re- 
versal of Na retention and K loss. Blocking 
was demonstrated with other dosage combina- 
tions of progesterone and DCA (Table II). 
When given alone at relatively large doses, the 
steroid mimicked DCA by producing low Na/ 
K values; the change of mean Na/K between 
the 4.8 and 9.6 mg doses was significant (P< 
0.05). Progesterone appeared progressively 
less effective in reversing Na/K with increas- 
ing doses of 12, 24 and 48 wg of DCA (Table 
I and II). This observation is interpreted as 
a reduction in blocking efficiency of proges- 
terone for it occurred with similar dosage ra- 
tios of progesterone/DCA and in the presence 
of approximately equal reductions in Na/K 
ratio with DCA. Loss of blocking efficiency 
is believed to result directly from manifesta- 
tions of DCA-like action with large doses of 
the steroid. 


Discussion. Demonstration of DCA-block- 
ing activity by progesterone confirms the find- 
ings of Landau et al. in man(1). Inability of 
the steroid alone to elicit Na/K changes that 
would oppose DCA action rules out physio- 


TABLE I. Blocking Urinary Electrolyte Effects 
of Desoxycorticosterone Acetate with Progesterone. 


Treatment/rat Mean urinary 


Progeste- No. test values 
DCA, ug rone,mg animals Na K Na/K 
65 6.07 2.80 2.21 
12 66 2.30 4.17 .59 
ne 1.2 35 2.98 3.50 88 
2.4 19 3.52 3.44 1.08 
x 4.8 23 3.04 3.06 1.15 


Na and K values = mM/1 concentration after di- 
lution of sample/rat to 25 ml, 


DCA-BLockING EFFECTS OF PROGESTERONE 


TABLE II. Action of Progesterone in Blocking 


Urinary Na/K Effects of Desoxycorticosterone 


Acetate. 
a 
P———— hreabment/ fata, es 
Progesterone, 

DCA, ug mg 


24 46 


Mean urinary 
Na/K* 


* Changes in mean Na/K value of + 0.24 re- 
quired for least significant difference (P <0.05).; 
No. test rats/treatment = 9-10. 


logical antagonism as a mechanism of its in- 
hibitory effects. As a contrast, that proges- 
terone produced a DCA-like effect suggests 
an affinity for similar receptor sites in target 
tissues and the possibility of competition with 
DCA as discussed by Landau e¢ al.(1). The 
potency of progesterone in rats, as determined 
by doses required for 50% block of 12 yg of 
DCA, is estimated to be a small fraction of 
the activity described for steroidal lactones 
(2). Rosemberg also described a minimal ac- 
tivity for progesterone in similar animals(3). 
At large doses, the DCA-like property in our 
study and in others(4-9) appears to be an im- 
portant factor that limits blocking efficiency 
of the compound. Thus, the steroid possesses 
unique electrolyte effects by inhibiting and 
mimicking the action of another steroid; this 
combination of effects in a compound is not 
uncommon in study with non-steroids(10,11). 

Summary. Progesterone partially blocked 
the effects of desoxycorticosterone acetate 
(DCA) on the urinary ratio of Na/K in 
adrenalectomized rats by simultaneously re- 
versing Na retention and K loss. Progester- 
one alone at large doses caused DCA-like re- 
ductions of the Na/K ratio. Tests of vari- 
ous dosage combinations with DCA suggest 
that blocking efficiency of progesterone is lim- 
ited by its DCA-like property. The com- 
pound appears to be a competitive inhibitor 


t This degree of blockade corresponds to reduction 
of Na/K effect from 12 to 6 wg DCA, or to change 
in Na/K response from 0.59 to approximately 1.0. 
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of DCA and a unique example of a steroid 
with blocking and DCA-like effects in rats. 
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Effect of Certain Flavonoids on the Pituitary-Adrenal Axis.* (24472) 


MERLE S. MAsri AND FLoyp DEEps 
Western Regional Research Laboratory,t Albany, California 


Oral administration of a number of flavo- 
noids to animals and humans has been shown 
to result in the urinary excretion of a variety 
of hydroxy aromatic acids(1,2,3). This find- 
ing suggested that, through the medium of 
their metabolites, flavonoids might influence 
the pituitary-adrenal axis in a manner com- 
parable to that reported for salicylic acid and 
related compounds(4,5). The present report 
concerns an investigation of this possibility 
with the flavonoids quercetin, dihydroquer- 
cetin, and eriodictyol. 


Methods. Albino rats from a colony main- 
tained in this laboratory since 1931 were 
used. Young rats were weaned at about 21 
days of age, weighed individually, and sexes 
segregated. Overweight and underweight rats 
were discarded. When selected rats were not 
more than 4 weeks old they were fed for 1 
to 4 weeks a basal diet with or without addi- 
tion of a flavonoid. The basal diet had the 
following percentage composition: corn meal 
73, casein 10, linseed oil cake meal 10, alfalfa 


* The authors are indebted to Dr. R. H. Wilson 
for statistical treatment of the data, to Mr. C. W. 
Murray for preparation of eriodictyol, and to Mrs. 
Paulette Henderson for technical assistance. 

+t Laboratory of Western Utilization Research and 
Development Division, Agr. Research Service, U. S. 
Dept. of Agr. 


meal 2, cod liver oil 3, bone ash 1.5, and so- 
dium chloride 0.5. The quercetin was pre- 
pared by acid hydrolysis of the rhamnoside 
quercitrin(6), and eriodictyol was prepared 
from dihydroquercetint by the method of 
Pew(7). At end of feeding period all control 
and experimental rats were sacrificed, body 
weights and thymus weights determined, and 
all organs examined for evidence of gross 
changes. Comparable experiments were per- 
formed with groups of rats which had been 
adrenalectomized or hypophysectomized. 
Adrenalectomized rats were placed on the 
diets immediately after operation and sup- 
plied with 0.9% sodium chloride in the drink- 
ing water. Hypophysectomized rats were 
placed on the diets 4 days after operation. 
Results. The data on fresh thymus weights, 
expressed as per cent of body weight for rats 
receiving quercetin, dihydroquercetin, or erio- 
dictyol, and their respective controls are sum- 
marized in Table I. The smaller thymus 
weights of flavonoid-fed rats as compared 
with their respective controls are clearly sig- 
nificant. In the case of quercetin, where the 
largest number of rats was used, an analysis 
of the individual data, with construction of 


¢ Dihydroquercetin was supplied by Oregon Forest 
Products Lab., Corvallis. 
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TABLE I. Thymus Gland Weights of Control and Flavonoid-Fed Rats. 
I 
Avg thymus wt expressed as % of body wt 


No. of No. of : ne 
Body wt,g animals Thymus SD animals Thymus SD Difference + SE | Be 
Control 9 Quercetin 2 
60= 79 22 809 .028 14 .276 037 .0331 + .0116 OL 
80— 99 16 2301 038 9 271 037 .0303 + .0156 07 
100-119 11 .290 023 5 248 021 .0413 + .0118 <0 
Control ¢ Quercetin 
78-108 7 309 046 5 269 .026 .090 + .0208 <.01 
Control 9 Dihydroquercetin 9 
67— 92 29 310 031 15 264 026 046 + .0089 <.001 
Control g Dihydroquercetin ¢ 
72-100 fl 359 046 8 282 .028 OFT E7099 <.01 
Control 9 Eriodictyol 9 
69— 84 20 316 033 4 243 .027 AVies “sev tila <.001 


SD = stand. dev.; SE — stand. error of difference; P = probability that such a difference 


would occur by chance. 


regression lines, showed that relative thymus 
weight gradually decreases with increase in 
body weight, with gradual convergence of con- 
trol and experimental groups. The apparent 
exception to this statement, as shown in the 
Table for rats in weights ranging 100-119 g 
is probably due to the small size of the sam- 
ples. We believe that the difference in thy- 
mus weights between control and flavonoid- 
fed rats can be shown most satisfactorily with 
animals weighing 50 to 80 g. 

In an experiment involving 74 female and 
52 male rats as controls, and 43 female and 
29 male rats fed 2% quercetin, thymus gland 
weights were determined after fixation in 10% 
formalin. Involution of thymus glands was 
again clearly evident as in the experiments 
with fresh thymus weights. 

The data on thymus weights summarized 
in Table II clearly demonstrate that feeding 
quercetin does not affect the weight of thy- 
mus gland in adrenalectomized or hypophy- 
sectomized young rats. No abnormalities were 
noted in the various organs of any animals at 
time of sacrifice. Removal of adrenals or 


pituitaries was confirmed at time of autopsy 
by careful examination. 

The nontoxicity of quercetin(8) and dihy- 
droquercetin(9) suggests that stress due to 
ingestion of these flavonoids was not a causa- 
tive factor in thymus involution. 

Discussion. Involution of the thymus 
gland of young rats produced by feeding quer- 
cetin, dihydroquercetin, or eriodictyol, and 
failure to produce involution in adrenalecto- 
mized or hypophysectomized rats suggests 
that physiological effects of these flavonoids 
are mediated, in part at least, through an ac- 
tion on the pituitary-adrenal axis. The anti- 
oxidant action toward epinephrine(10,11) 
and ascorbic acid(12), and the inhibitory ac- 
tion on hyaluronidase(13) possessed by flavo- 
noids in varying degrees have been used to ex- 
plain the beneficial effects of flavonoids on 
capillaries in a variety of experimental and 
clinical conditions. This mechanism of ac- 
tion based upon properties of the intact flavo- 
noid molecule, and the presently suggested 
mechanism involving stimulation of the pitui- 
tary-adrenal axis are complementary. 


TABLE II, Thymus Gland Weights of Adrenalectomized or Hypophysectomized Female Rats 
Fed Control or Quereetin-Containing Diet. 


—————Control diet — Quercetin-containing diet——, 

No.of Avgbody Thymus, % No. of Avg body Thymus, % 

rats wt, g of body wt rats wt, g of body wt 
Adrenaleetomized 10 64 33 ial 68.5 32 
Hypophysectomized 9 56 28 9 53.5 28 


: i 
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Lipide Changes in Chylomicra and Subnatant Fractions of Rat Lymph 


During Cholesterol Absorption.* 


(24473) 


C. H. Woo anv C. R. TREADWELL 
Dept. of Biochemistry, George Washington University School of Medicine, Washington, D. C. 


The effects of sodium taurocholate, oleic 
acid, and albumin, singly and in combina- 
tions, on absorption of exogenous and endo- 
genous cholesterol in the rat were reported by 
Vahouny ef al.(1,2,3). It was shown that 
lipide composition of lymph during absorp- 
tion was related to composition of the test 
emulsion administered. Laurell(4) has re- 
ported the percentage distribution of lipides 
in chylomicra and lipoproteins of the lymph 
of rats which were fed one type of emulsion. 
Byers and Friedman(5) reported that dietary 
cholesterol travelled almost completely in the 
chylomicron fraction in the lymph of rats 
which were fed cholesterol in olive oil. Jobst 
and Schetter(6) isolated chylomicrons from 
chylic ascites and chylic pleural discharge of 
a patient suffering from Whipple’s disease and 
found no differences in these types of chylo- 
micra. In the experiment described below 
the lipide changes in the chylomicron and 
subnatant fractions of the lymph of rats which 
were administered various test emulsions were 
determined in order to evaluate more clearly 
the roles played by chylomicra and lipopro- 
teins in lymph lipide transport. 


* This work was supported in part by grants from 
Nat. Heart Inst., N.I.H. and Life Insurance Medical 
Research Fund. 


Methods. Adult male rats of the Carworth 
Farms strain, weighing between 175-250 g 
were employed. Collection of lymph, prepa- 
ration and intragastric administration of the 
test emulsions were as described by Vahouny 
et al.(1). The basic emulsion contained 3 
ml of isotonic saline solution and 50 mg of 
albumin. The test emulsions contained, in 
addition to the basic emulsion, amounts of 
cholesterol, oleic acid, triolein and sodium 
taurocholate shown in Table I. Ten groups 
of 3 or 4 rats each were used and they are 
numbered in the tables corresponding to the 
number of the emulsion shown in Table I 
which they received. Lymph was collected 


TABLE I. Composition of Test Emulsions. 


Emulsion No, 


Pe Ba SOS ar9 San) 

Albumin, 50mg ++++4++4+4+4+4+4++ + 

Sodium taurocho- Se ol he al iis 
late, 287.4 mg 

Oleie acid, St ale dll, ak 
290.9 mg 

Triolein, aie 
303.9 mg 

Cholesterol, + + aie ae aie 
50 mg 

9% saline to See ee ee eee i 


3 ml 


* Oleic acid was increased to 878.7 mg. 
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TABLE II. Changes in Neutral Fat and Phospholipide in Lymph Fractions during Absorption. 


Group and 


emulsion ee ee ss eS ey eS 
CAS C iS C SS C SS) C ) C Ss C Ss 

Neutral fat 6 30 37 64 47 54 58 46 80 46 7: 74 108 1038 
Stand. error +2 +4 +10 +14 +3 +7 +11 +6 +15 +9 +34 46 +6 +5 
‘<Pxtra’’ neut, fat 31 34 41 24 52 16 74 16 Tia 44 102 73 
Phospholipide AG Ot un ees OLS: OME OMNES. O mO! O mmmLOS © Mes), a ilies 12:2. 64° -533° Waa 
Stand. error +3 +6 +8 +24 +.8 +.8 +.5 41.7 +17 +.6 +.2 +14 +.9 +.9 

‘¢ Extra’? phospholipide 10 5.4 Oe 2, 3.4 5.9 4.6 10:6 (3:2) “oie 


* C — Chylomicron; S = Subnatant. 
All values are in mg/12 hr lymph collection. 


Stand. errors of means were calculated using the formula: 


for 12 hrs after administration of the emul- 
sion. From a portion of each 12 hr lymph 
sample the chylomicron and subnatant frac- 
tions were separated at 10,300 g for 1 hour, 
as described by Lindgren et al.(7). The sam- 
ples of chylomicrons were washed twice with 
saline of density 1.006. Alcohol-acetone (1-1) 
extracts of each sample of whole lymph, and 
of each chylomicron, and subnatant fraction 
were prepared(1) and analyzed for total li- 
pide(8), free and total cholesterol(9) and 
phospholipide(1). Neutral fat was calculated 
by difference(1). The average values for all 
fractions are given in the tables as mg per 
12 hr lymph sample. “Extra” cholesterol, 
neutral fat, and phospholipide refer to the 
increase in these fractions over the appropri- 
ate control levels. Group 2 was used as con- 
trol for neutral fat and phospholipide shown 
in Table II. Group 3 was used as control for 
Group 4, Group 5 for Group 6, and Group 7 
for Groups 8, 9, and 10 in evaluation of 
changes in cholesterol content (Table III). 
In all groups the sum of the lipide fractions 
in the chylomicron and subnatant fractions 
agreed closely with the levels in the parent 
12 hr lymph samples. These lymph data are 
not included in the tables but they indicated 
satisfactory recovery of the lipides in the 
fractions. Emulsion 1 gave the same levels 
and distribution of lipides in the chylomicron 
and subnatant fractions as Emulsion 2 and 
it has been omitted from the tables. 
Results. The data on effects of test emul- 
sions on neutral fat and phospholipide of the 
lymph fractions are shown in Table II. In- 


clusion of oleic acid alone (Group 3) pro- 
duced comparable increases in neutral fat in 
both chylomicron and subnatant fractions. 
When cholesterol or taurocholate was also 
included (Groups 4 and 7) with oleic acid the 
magnitude of the increases in neutral fat was 
the same as with oleic acid alone but there 
was a shift in distribution so that the major 
part of the increase was in the chylomicron 
fraction. Administration of both cholesterol 
and taurocholate with oleic acid produced a 
further increase in lymph neutral fat which 
was entirely in the chylomicron fraction. 
Tripling the oleic acid gave additional in- 
crements in neutral fat of comparable magni- 
tude in both fractions. Triolein gave twice as 
much “extra” neutral fat as a comparable 
amount of oleic acid (Groups 8 and 10). 

Relative increases and distribution of phos- 
pholipide between the fractions did not fol- 
low the pattern for neutral fat. There was a 
significant and relatively constant increase 
(3-5 mg) in the subnatant fraction in all 
groups. There were small insignificant in- 
creases in the chylomicron fraction of Groups 
3 and 4, those in which highly significant in- 
creases occurred in neutral fat. Relative pro- 
portions of phospholipide in the 2 fractions 
were different from neutral fat in Groups 7, 
8, 9, and 10. 

Changes in cholesterol content of the lymph 
fractions are shown in Table IIT. Comparison 
of Groups 3 and 4 shows that addition of 
cholesterol to the oleic acid emulsion gave in- 
creases in both fractions with 76% of the to- 
tal increase occurring in the subnatant frac- 


i i 


TABLE III. Changes in Cholesterol in Lymph Fractions during Absorption. 


10 


Group and 
emulsion 


mM 


ie) 


mM 


Cholesterol 


Stand. error 


2.1 


5.4 


7.2 


5.5 


uly 


‘¢Bxtra’’ cholesterol 


* All values are in mg/12 hr lymph collection. 
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n(n-1) 


S.hoss 


+ Stand. errors of the means were calculated using the formula: 


tion. Administration of cholesterol (Group 
6) with taurocholate gave a smaller increase 
than with oleic acid but 77% of the increase 
was in the subnatant fraction. Likewise in 
Groups 8 and 10 the major part of the in- 
crease was in the subnatant fraction. Only in 
Group 9 was the increase greater in the chylo- 
micron fraction; here the oleic acid was 3 
times that in Group 8. The differences be- 
tween Group 8 and 10 indicate that triolein 
gave only one-third the increase in cholesterol 
given by an equivalent quantity of oleic acid. 

The percentage composition of the total 
lipides of the chylomicron and subnatant frac- 
tions is shown in Table IV. It is quite evi- 
dent that the lipide mixture in the 2 fractions 
differed for each emulsion and that the chylo- 
micron fraction was different for each emul- 
sion except for Groups 3 and 7. Also there 
was considerable variation in composition of 
the subnatant fractions but Groups 2 and 9, 
3 and 7, and 4 and 8 were similar. In all chy- 
lomicron fractions more than half of the 
lipide mixture was neutral fat. This was also 
true for the subnatant fractions except 
Group 6. 

Discussion. The present experiment clearly 
demonstrates that the increase in lymph li- 
pides which occurs during fat absorption is 
due to increases in both chylomicron lipides 
and those of the lipoproteins of the subnatant 
fractions. Thus the chylomicrons are not the 
sole means for lymphatic transport of either 
absorbed fatty acid or cholesterol. In most of 
the groups the chylomicrons carried the major 
part of the increase in neutral fat. However, 
in Group 10, which received a triglyceride, 
there was 92% more neutral fat in the lymph 
than in Group 8 which received an equivalent 
amount of fatty acid but 67% of the increase 
was carried in the subnatant fraction. Ab- 
sorbed cholesterol was carried principally in 
the subnatant fraction except when a rela- 
tively large amount of free fatty acid (Group 
9) was administered. In agreement with 
earlier findings the data show that free fatty 
acid may be a limiting factor in cholesterol 
absorption and that the fatty acids of trigly- 
cerides are not quantitatively equivalent to 
free fatty acids in promoting cholesterol ab- 
sorption. 
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TABLE IV. Lipid Composition of Chylomicron and Subnatant Fractions. 


Group and 


emulsion 2 3 4 5 6 7 8 9 10 

(a % SSS 
Chylomicron fractions 

Neutral fat 74.4 89.1 86.9 57.9 80.9 91.1 85.2 82.6 93.0 
Phospholipide 19.5 6.3 4.2 Trace Trace 5.6 8.2 8.6 4.6 
Free cholesterol 2.0 1.2 13 10.5 2.8 8 1.0 9 25 

Cholesterol esters 3.6 3.4 7.6 31.6 16.7 2°) 5.6 7.9 : 

Subnatant fractions 

Neutral fat ED 81.8 70.2 61.7 Byaaa) 80.4 70.6 78.9 86.6 
Phospholipide 8.8 11.0 1-2 16.5 24.9 11.4 12h 6.8 6.6 
Free cholesterol 3.9 11559 3.0 4.2 5.6 1145) 2.0 a 1.5 
Cholesterol esters 11.8 Laser 15.6 17.6 37.0 6.7 15.0 12.6 5.3 


Summary. Changes in distribution of neu- 
tral fat, phospholipide, and cholesterol be- 
tween chylomicron and subnatant fractions of 
rat lymph have been produced by feeding 
emulsions containing cholesterol, fatty acid, 
triglyceride, and taurocholate in various com- 
binations. Increases in neutral fat were car- 
ried largely in the chylomicron fraction while 
increases in cholesterol were carried largely 
in the subnatant fraction. The emulsions 
also produced changes in percentage composi- 
tion of the lipide mixture in each fraction. 
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Immunological and Enzymological Specificity of Antibodies Produced by 


Injection of Purified Acetylcholinesterase. 


M. KATHLEEN CARTER* AND GILBERT L. Marxt 


(24474) 


(Introduced by F. W. Schueler) 


Dept. of Pharmacology, Tulane University School of Medicine, New Orleans, La. 


This paper is concerned with results of ex- 
periments in which an attempt was made to 
produce specific inhibitory antibodies against 
a particular type of cholinesterase enzyme. 
Reports have been published in which specific 
inhibitory antibodies have been obtained 
against certain enzymes. Mansour ef al.(1) 
immunized roosters with rabbit muscle lactic 
dehydrogenase and obtained sera which mark- 


* This investigation supported by Senior Research 
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edly inhibited the activity of this enzyme but 
had no effect on lactic dehydrogenase of 
Schistosoma mansoni or Schistosoma japoni- 
cum. Conversely, it was shown(2) that anti- 
sera to the lactic dehydrogenase of Schisto- 
soma mansoni markedly inhibited the activity 
of this enzyme and that from Schistosoma 
japonicum and haematobium but not the lac- 
tic dehydrogenase from rabbit muscle. The 
antigenicity of a cholinesterase enzyme had 
been suggested by Holland(3). He reported 
that sera from rabbits immunized with puri- 
fied ox erythrocyte cholinesterase inhibited 
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hydrolysis of acetylcholine by fresh ox eryth- 
rocytes about 50% and caused hemolysis of 
erythrocytes in the complement hemolysis 
test. Hydrolysis of acetylcholine by the puri- 
fied enzyme was inhibited about 25% with 
antisera. Therefore, since it was anticipated 
that animals immunized with a cholinesterase 
enzyme would produce antibodies that would 
be specifically inhibitory for a certain species 
or particular type of cholinesterase, rabbits 
and dogs were injected intravenously with 


purified bovine erythrocyte acetylcholinester- 
ase. 


Materials and methods. Five male rabbits, 
weighing about 3 kg each, and 3 female dogs, 
weighing about 10 kg each, were injected in- 
travenously every other day total 10 injec- 
tions with purified acetylcholinesterase or gel- 
atin used to stabilize the enzyme. The 
purified bovine erythrocyte acetylcholines- 
terase and the gelatin were obtained from 
Winthrop Laboratories. Three rabbits each 
received 20 mg of acetylcholinesterase in 
1 ml of 0.9% sodium chloride solution 
(saline) and 2 rabbits each _ received 
equivalent amounts of gelatin (6.7 mg 
in 1 ml saline). This was the amount 
of gelatin present in the injection of acetyl- 
cholinesterase. Two dogs received 30 mg of 
acetylcholinesterase in 1.5 ml of saline and 
one dog received 10 mg of gelatin in 1.5 ml 
of saline. Sterile technic was used whenever 
possible. All animals received intermittent in- 
tramuscular injections of 50,000-100,000 units 
of penicillin. Forty days after last injection, 
an extra injection of 50 mg of acetylcholin- 
esterase or 20 mg of gelatin was administered / 
rabbit. One rabbit (#4) that received acetyl- 
cholinesterase died within 24 hours after this 
injection. Blood, 10-20 ml, was drawn asep- 
tically from 12 hour fasted animals before, 
during and after the series of injections. He- 
parin prevented clotting. Blood samples were 
centrifuged 15 minutes at 3,000 rpm. (Inter- 
national Centrifuge) and the plasmas re- 
moved. Plasma samples were tested for their 
effect on purified acetylcholinesterase activity 
using the manometric technic, and for pres- 
ence of circulating antibodies using the ring 
precipitin test. Activity of acetylcholinester- 


ase was determined in the presence and ab- 
sence of plasma samples. Acetylcholine and 
acetyl-beta-methylcholine (initial concentra- 
tions of 0.01 M) were used as substrates. The 
purified acetylcholinesterase, diluted in 0.1% 
gelatin solution for stabilization purposes, 
could be stored in refrigerator for several 
weeks without appreciable loss in activity. 
The quantity of enzyme used/flask was 0.05 
mg contained in 0.5 ml of gelatin solution. 
Augustinsson’s buffer (0.015 M NaCl, 0.04 M 
MgCl., 0.025 M NaHCOs, final concentra- 
tions) was used throughout manometric as- 
says(4). When testing for inhibitor activity 
0.1 ml of plasma was used/flask. An amount 
of plasma greater than 0.1 ml added to puri- 
fied enzyme resulted in total amount of cho- 
linesterase which was too great to maintain 
an optimum substrate concentration for any 
length of time. It was necessary to use plasma 
control flasks since there was appreciable ac- 
tivity in the plasma using either acetylcholine 
or acetyl-beta-methylcholine. The cholines- 
terase in rabbit plasma corresponds to the 
“true” cholinesterase(4). The final volume 
of solution in each flask was 3 ml. The flasks 
were equilibrated with 5% COz and 95% Ne 
at 37°C. Activity of purified acetylcholines- 
terase is expressed as number of microliters of 
CO, evolved from the bicarbonate buffer/ 
hour/0.05 mg of purified enzyme. The effect 
of plasma on purified acetylcholinesterase ac- 
tivity was calculated from the resultant activ- 
ity obtained by subtracting activity in control 
flasks containing only plasma from activity 
obtained in flasks containing both plasma and 
purified enzyme. Using the standard ring 
technic(5), the precipitin test was usually 
carried out concomitantly with cholinesterase 
assays. The ring test consisted in layering 
0.2 ml of antigen, the purified acetylcholines- 
terase in 0.9% sodium chloride solution, over 
0.2 ml of clear plasma. Formation of a just 
detectable cloudy ring at the interface of the 
2 solutions within 1% hour was considered a 
positive reaction. Dilutions of the antigen 
ranged from 1:1,000 (1 mg/ml saline) to 
1:50,000. In an identical manner gelatin was 
layered over the plasma. The 1:1,000 dilu- 
tion of gelatin contained 0.33 mg of gelatin 
in 1 ml of saline. This was the amount con- 
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TABLE I, Effect of Plasma from Rabbits and Dogs Injected with Purified Acetylcholinesterase 
and/or Gelatin on In Vitro Activity of Purified Acetylcholinesterase (AChE). 


Activity of acetylcholinesterase (mm* CO,/hr/0.05 mg enzyme) 


Acetylcholine (.01 M) 


Acetyl-beta-methyleholine (.01 m) 


AChE in AChE in 1h 
presence % inhi- presence To inhi- 
Animal No. AChE alone of plasma* bition AChE alone of plasma* bition 
Rabbits 
1+ B 
A (10) 168 173 =3 55 46 16 
2 
A (9) 176 172 2 60 49 18 
3) 33} 182 172 6 66 54 18 
A (0) 162 162 0 54 52 4 
A (7) 178 180 -1 62 51 18 
4 B 175 173 1 67 50 25 
A (9) 175 175 0 56 46 18 
A (18) 172 lial <1 53 42 21 
5 B 
A (8) 170 163 4 57 42 26 
A (17) 176 170 2 57 48 16 
Dogs 
a 483 168 162 4 59 48 19 
A 
2 B 173 156 10 63 57 10 
A (7) 172 163 5 64 52 19 
ae 185 172 169 2 50 46 8 
A (3) 176 161 9 58 49 16 
A (12) 162 157 3 54 49 9 


* AChE in presence of plasma is the resultant 


of plasma alone. 


+ Rabbits 1 and 2, and Dog 1 received gelatin. Rabbits 3, 4, 5 and Dogs 


acetylcholinesterase. 


activity of AChE plus plasma minus activity 


9 
a 


and 3 received 


+ B = Activity before, and A = Activity after series of inj. of AChE or gelatin. 
Numbers in parentheses are days after last inj. of antigen on which blood was drawn. (0) re- 
fers to a sample drawn during series of injections. 


tained in the 1:1,000 dilution of purified 
acetylcholinesterase. 

Results. The effect of pre- and post-injec- 
tion plasmas from rabbits and dogs on activ- 
ity of purified acetylcholinesterase are given 
in Table I. Plasmas from animals injected 
with acetylcholinesterase, when compared 
with plasmas from control animals or with 
plasmas from the same animals before injec- 
tion with the enzyme, showed no significant 
increase in inhibition of acetylcholinesterase. 
Plasmas before the series of injections and 
control animal plasmas as well as post injec- 
tion plasmas, all exhibited a “natural” inhibi- 
tion of the enzyme ranging from 10 to 25% 
using acetyl-beta-methylcholine as substrate 
for the purified acetylcholinesterase. The 
“natural” inhibition exhibited by plasmas 
when acetylcholine was used as substrate was 


less. There was no greater inhibitory activ- 
ity in plasmas of rabbits tested 13 days after 
the booster injections than before this injec- 
tion. 

Plasmas from rabbits injected with acetyl- 
cholinesterase exhibited a positive ring pre- 
cipitin reaction with a titer up to 1:10,000 
using acetylcholinesterase as the antigen. 
There was no precipitin reaction using gelatin 
as the antigen in the precipitin test. Plasmas 
of all dogs and the rabbits injected with gela- 
tin exhibited negative precipitin reactions 
against enzyme and gelatin. A 1:20,000 titer 
was obtained with plasmas of rabbits 13 days 
after the booster injection of acetylcholines- 
terase. 

Discussion. Several explanations can be 
offered for the presence in plasmas of anti- 
bodies which caused a positive ring test and 
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absence of inhibitory activity toward the puri- 
fied enzyme. First, one could assume that 
purified acetylcholinesterase was not anti- 
genic. Antibodies produced from injection 
of purified acetylcholinesterase could have re- 
sulted from foreign proteins present in the 
preparation. The activity unit weight of 
purified enzyme preparation varies from batch 
to batch; therefore more or less extraneous 
proteins could have been present. Secondly, 
one could assume that the purified acetyl- 
cholinesterase was antigenic. Studies have 
indicated that the molecular weight of acetyl- 
cholinesterase of electric eel is around 3,000,- 
000(6). However, it has been proposed, based 
on irradiation data(7), that this macromole- 
cule is composed of 30-50 enzymatically active 
units, each with a molecular weight around 
105,000. These should be large enough to be 
antigenic. On this basis, it could be postu- 
lated that there might be a further dissocia- 
tion of this subunit into an antigenic non- 
enzymatically active part and an enzymatic- 
ally active non-antigenic part. We found that 
incubation for one hour at 37°C or refrigera- 
tion overnight of the purified enzyme with a 
rabbit’s plasma, which had a ring precipitin 
titer of 1:10,000, produced a flocculent pre- 
cipitate. In either case the activity of the 
purified acetylcholinesterase in the superna- 
tant fluid remaining after such incubation 
was unchanged from that in the original en- 
zyme solution when corrected for activity of 
added plasma. Therefore, no active enzyme 
was removed from solution in the precipitate. 
Antibodies produced under experimental con- 
ditions reported here must either have resulted 
from contaminating proteins in the acetyl- 
cholinesterase preparation or else antibodies 
produced against the acetylcholinesterase en- 
zyme did not inhibit its enzymatic activity. 
On the basis of the assumption that this cho- 
linesterase enzyme is not antigenic, experi- 
ments are presently being conducted to test 
this procedure as a method for further puri- 
fication of this enzyme; i.e., precipitation of 
extraneous proteins in the purified acetyl- 
cholinesterase preparation using the gamma 
globulin fraction of immunized rabbit’s sera. 
Lack of agreement between results pre- 
sented here and those of Holland(3) is diffi- 


cult to explain. In the report by Holland, 
data using purified ox erythrocyte cholines- 
terase as the enzyme in the manometric studies 
were not given. However, it was stated that 
antisera from the immunized rabbits inhibited 
the purified cholinesterase preparations 25 to 
30%. This degree of inhibition was approxi- 
mately the same as that obtained in experi- 
ments reported here using normal plasma and 
purified enzyme with acetyl-beta-methyl- 
choline as substrate. The presence of “na- 
tural” inhibitors of cholinesterase enzymes in 
serum has been demonstrated by Karczmar 
and Koppanyi(8). These workers reported 
that serum, diluted 1-4, inhibited acetylcholin- 
esterase and cholinesterase in various tissue 
mixtures as much as 60%. It should be 
pointed out that in the present experiments 
there were no detectable antibodies in any of 
the dog plasmas. However, up to 20% in- 
hibition of the purified enzyme preparation 
was obtained in several cases using either pre- 
or post-injection plasmas when acetyl-beta- 
methylcholine was the substrate, and up to 
10% inhibition was obtained using acetyl- 
choline as the substrate. 

Summary. 1) Intravenous injection of 
purified bovine erythrocyte acetylcholines- 
terase caused production of circulating anti- 
bodies in rabbits but not dogs. 2) Pre- and 
post-injection plasmas of all animals caused 
up to 25% inhibition of the purified acetyl- 
cholinesterase using acetyl-beta-methylcho- 
line and up to 10% inhibition using acetyl- 
choline as substrate. 
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Because of the rapid proliferative changes 
involved in both pregnancy and liver regen- 
eration, a study was undertaken of the inter- 
relationship between these 2 phenomena in 
partially hepatectomized rats. According to 
an earlier report by Paschkis, Cantarow and 
Stasney(1), rats which were partially hepa- 
tectomized on the eighth or seventeenth day 
of gestation and sacrificed on the twentieth 
day of pregnancy suffered severe fetal dam- 
age. The latter ranged up to complete re- 
sorption of all fetuses in several cases and 
“liver regeneration was identical in nonpreg- 
nant and pregnant animals.” 


Methods. Mature female rats of Sprague- 
Dawley strain were employed. Virgin ani- 
mals were exposed to fertile males for 7 days, 
then these females and nonpregnant controls 
were partially hepatectomized under ether an- 
esthesia according to the procedure of Higgins 
and Anderson(2). The excised portions were 
dried to constant weight in an oven at 100°C. 
The rats were maintained in individual cages 
and administered water and powdered Purina 
Fox Chow ad. lib. They were sacrificed 
(ether) after an interval of 10.5 days and the 
livers removed and dried. The uteri of the 
gravid animals were closely examined at ne- 
cropsy for extent of pregnancy or resorption; 
the data from the “negatives” were discarded. 
As described previously, the amount of liver 
regenerated or the increment was calculated 
from dry weights by subtracting the amount 
of tissue removed at surgery multiplied by 
0.46 from the weight of the entire liver at 
necropsy (3). 


Results. Body weights and liver increments 
for groups of controls, pregnant rats and those 
showing fetal resorption as well as the corre- 
sponding Fisher ¢ values are given in Table I. 
The gravid animals ranged mainly from mid- 
dle to late pregnancy, several being close to 
term when sacrificed. Microscopic examina- 
tion of representative small liver sections re- 
moved at necropsy from the pregnant rats 
showed no remarkable pathology over those 
from the controls (hematoxylin-eosin stained). 


Discussion. A marked increase in extent of 
liver regeneration in partially hepatectomized 
rats was caused by pregnancy. Presumably, 
one or more factors elaborated systemically 
during pregnancy predispose to such increased 
regenerative activity. A smaller but statis- 
tically significant elevation was also apparent 
in animals displaying resorption of the fetuses. 
In this regard, the liver increments were quite 
high for 5 of the 11 rats which exhibited re- 
cent or active resorption as compared to the 
remainder where this process was almost com- 
plete. The extensive resorptive changes 
should not be construed as due to liver regen- 
eration as such but to the extreme surgery in- 
volved, numerous other types of which can 
lead to such damage. 


Summary. The extent of liver regeneration 
in partially hepatectomized rats is markedly 
elevated by pregnancy. A lower but signifi- 
cant increase over nonpregnant controls was 
also evident with those animals displaying 
fetal resorption, especially where the latter 
was in active progress. 


TABLE I, Body Weight and Liver Increment Data for Partially Hepatectomized Control and 
Pregnant Rats. 


No.of — 30dy wt, g*———, 
animals Initial At necropsy Liver inerement, g* t 
Controls (nonpregnant ) 25 205 + 3.2 207 = 3.6 1.524 + .054 
Pregnant 16 215 + 4.0 232 + 5.7 1.933 + .067 4.75t 
Rats displaying fetal resorption 11 215 + 3.5 219 + 4.8 1.740 + .099 2.06+ 
* Stand. error follows each + sign. Vee 
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It is well established that isolated deoxy- 
ribonucleic acid (DNA) can produce heritable 
changes in several species of bacteria. This 
wis first demonstrated by Avery ef al.(1). 
who found that DNA extracted from a smooth 
(encapsulated) strain of Prewmococcus would 
transform rough (unencapsulated) cells into 
smooth cells. The cansule of the newly modi- 
fied cells was serologically the same as that 
of the strain from which the DNA had been 
derived. and the conversion could be broucht 
about in a rough pneumococcal strain which 
had not been observed to mutate spontane- 
ously. In addition. the transformed cells 
pronazated indefinitely as a smooth strain 
without further treatment with DNA. The 
nneumococc2] DNA _ preparation had _ per- 
formed 2 functions usuallv attributed to 
cenes: it had induced a specific heritable pron- 
erty. and had initiated its own redunlication. 
Subseauently other investigators demon- 
strated abilitv of isolated DNA to effect trans- 
formations in other species of bacteria. v7z. 
Hemobhilus influenzae, Menineococcus, Es- 
cherichia coli, and the crown-gall oreanism 
Agrobacterium(2). Benoit et 1 (3.4) re- 
cently have reported that somatic changes are 
produced in one strain of ducks hv injection 
of DNA derived from another strain, and that 
the changes were transmitted to progeny of 
the treated birds. The present paper de- 
scribes an attempt to produce a similar trans- 
formation in mammals. This work was stimu- 
lated by the prospect that a successful result 
might have application to the treatment of 


* This work supported by Ford Fn. 


genetically determined diseases in man. 
Material and methods. Preparation of 
DNA. DNA was isolated from thymuses and 
spleens of rats by a modication of the method 
used by Benoit ef al. (personal communica- 
tion) to prepare DNA from duck erythrocytes 
and testicular tissue.t Adult rats were killed, 
and the spleen and thymus were immediately 
removed and frozen over dry ice. All further 
steps in isolation of DNA were carried out in 
a cold room at O°C or in a refrigerated cen- 
trifuge. The following solutions were used in 
the preparation of DNA: I. Versene-fluor- 
ide: 18.7 g disodium versenate and 1.85 g 
sodium fluoride in 1000 ml water, adjusted to 
pH 7.0 + 0.1. II. Fluoride-chloride: 58.0 
2 sodium chloride, 1.85 g sodium fluoride, and 
8.0 g disodium versenate in 1000 ml water, 
adjusted to pli 7.0 == 0.2. III.. Versene: 
3.75 g disodium versenate in 1000 ml water, 
adjusted to pH 7.0 + 0.2. IV. Phosvhate 
buffer, 2.5 M, pH 8.4. V. Sodium chloride 
solution, 0.85%. 100 g of frozen rat spleen 
and thymus was minced through a meat 
erinder and homogenized with 300 ml versene- 
fluoride solution in a Waring Blender for 5 
minutes. The suspension was then centri- 
fuzed at 2500 rpm for 30 minutes, the super- 
natant liquid was discarded, and the sedi- 
mented nuclear fragments were collected. 
Homogenization and centrifugation were re- 
peated as above 5 times. The nuclear frag- 
ments then were suspended in 400 ml fluor- 
ide-chloride solution and stirred overnight. 


+ This modification was devised by Dr. Matthew 
Meselson, Calif. Inst. of Tech. 
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The suspension was centrifuged for 30 min- 
utes at 30,000 g. The supernatant was sepa- 
rated and added to 20 ml 2.5 M phosphate 
buffer, and the mixture saturated with sodium 
chloride. The sediment from centrifugation 
was resuspended in 100 ml fluoride-chloride, 
stirred overnight, then centrifuged for 30 min- 
utes at 30,000 g. To the supernatant, 5 ml 
2.5 M phosphate buffer was added, and the 
solution was saturated with sodium chloride. 
The 2 salt-saturated solutions were combined, 
stirred for 3 days, then centrifuged at 80,000 
g for 1 hour. The sediment was discarded 
and the supernatant filtered if not clear. The 
filtrate then was poured into 2 volumes of 
95% ethanol with stirring and the white 
fibrous clot was collected on a wooden paddle. 
Excess alcohol was pressed out of the clot, 
which was redissolved in 100 ml versene solu- 
tion by stirring overnight or longer. The re- 
sulting solution was centrifuged for 30 min- 
utes at 30,000 g, the sediment was discarded, 
and the alcoholic precipitation was repeated. 
The final clot of DNA was dissolved with stir- 
ring in a minimal volume of 0.85% sodium 
chloride solution, and the resultant solution of 
DNA was dialysed against 0.85% sodium 
chloride solution to remove any traces of ver- 
sene or fluoride. Approximate concentration 
of DNA in the final preparation was deter- 
mined spectrophotometrically at 260 m, and 
the DNA solution was stored in the refriger- 
ator until used. Animals. Three strains of 
rats were used: Addis-Slonaker, in which the 
animals always have pink eyes and white 
hair; Long-Evans, a hooded strain in which 
animals have black eyes, black heads and 
other patches of black hair on the coat: and 
the CNH mutant strain of hooded rat,t in 
which homozygous recessive individuals have 
a constitutional nonhemolytic hyperbiliru- 
binemia. Homozygous recessive animals of 
the CNH strain become jaundiced within a 
few hours of birth, and the serum bilirubin 
level is always elevated. They are less hardy 
than their non-jaundiced (i.e. heterozygous or 
homozygous normal) litter mates, grow more 


+ Supplied through the courtesy of Prof. E. R. 
Dempster and Mr. H. Hibbard, Dept. of Genetics, 
School of Agriculture, Univ. of California, Berkeley. 
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slowly, and either fail to breed or produce 
small litters. Many of them are ataxic, pos- 
sibly due to kernicterus. The hyperbiliru- 
binemia of these rats has been shown to be 
due to a congenital absence in the liver of an 
enzyme, glucuronyl transferase, which is re- 
quired for normal conversion of relatively in- 
soluble bilirubin into soluble bilirubin glu- 
curonide, which is excreted into the intestinal 
tract by way of the bile(5). Either subcu- 
taneous or intraperitoneal injections of DNA 
were given to rats daily, starting on the first 
day of life. The solutions were highly vis- 
cous and were given in as high a concentra- 
tion as could be injected through a 26 gauge 
hypodermic needle. The volume of solution 
injected was increased at intervals as the ani- 
mals grew, and generally was the maximum 
which the animals seemed able to tolerate. 

Results. Attempts to produce pigmentary 
changes in white rats. Nine newborn Addis- 
Slonaker rats, all litter mates, were selected 
for subcutaneous injection of DNA. Four 
rats were each given 17 injections of DNA de- 
rived from Long-Evans rats during the first 
19 days of life, each rat receiving a total of 78 
mg DNA. Three litter mates were each given 
17 injections of DNA derived from Addis- 
Slonaker rats (their own strain) during the 
first 19 days of life, each rat receiving a total 
of 72 mg DNA. The remaining 2 litter mates 
served as uninjected controls. All developed 
normally, and the injected rats showed no 
adverse effect produced by DNA. None of the 
injected rats showed any change in normal 
white hair color or pink eyes. 

Ten newborn Addis-Slonaker rats were used 
for intraperitoneal injection of DNA. Five 
were given Long-Evans DNA; 2 of these died 
on the 12th and 13th days, presumably as a 
result of the intraperitoneal injections. The 
3 survivors each received a total of 18 injec- 
tions of DNA in the first 22 days of life, to- 
talling 57 mg/animal. Five litter mates 
served as uninjected controls. The 3 injected 
rats, as well as the controls, reached adult 
life, and none showed any pigmentary change. 

Two rats which had been injected subcu- | 
taneously with Long-Evans DNA were subse- | 
quently bred with 2 rats which had been in- | 
jected intraperitoneally with Long-Evans 
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DNA. Both matings resulted in normal lit- 
ters, and rats of the F, generations showed no 
change from normal pigmentation of the Ad- 
dis-Slonaker rat. 

Attempts to relieve hyperbilirubinemia with 
injections of “normal” DNA. Four jaundiced 
newborn litter mates of the CNH strain were 
given 16 subcutaneous injections of DNA de- 
rived from Addis-Slonaker rats, in which hy- 
perbilirubinemia due to absence of glucuronyl 
transferase is unknown. Each rat received a 
total of 45 mg DNA during the first 18 days 
of life. These rats grew at a rate comparable 
to that shown by other jaundiced rats in the 
colony, and 2 developed obvious ataxia. No 
decrease in degree of jaundice was noted. Se- 
rum bilirubin levels were determined on these 
rats at the ages of 5, 10 and 15 weeks, by the 
method of Malloy and Evelyn(6) as modified 
by Kaplan and del Carmen(7). Serum bili- 
rubin levels in each determination varied be- 
tween 5 and 10 mg/100 ml, as did those of all 
tested uninjected jaundiced rats in the colony. 

Two attempts were made to inject Addis- 
Slonaker DNA intraperitoneally into jaun- 
diced newborn CNH rats. These rats toler- 
ated intraperitoneal injections poorly, and on 
both attempts no rat survived long enough 
for serum bilirubin determinations to be done. 
Two animals survived a total dose of 47 mg 
DNA each in 16 daily injections, and 3 sur- 
vived a total dose of 16 mg each given in 10 
injections. These rats remained markedly 
jaundiced until they died at between 3 and 
5 weeks of age. 

Other attempts were made to test the pos- 
sibility of influencing the embryo by injec- 
tions of foreign DNA into the pregnant 
mother. Two jaundiced female CNH rats 
were successfully mated with a jaundiced 
CNH male. Since both parents were known 
to be homozygous recessives, all offspring pro- 
duced could be expected to be jaundiced. One 
female rat was given 10 daily subcutaneous in- 
jections of Addis-Slonaker DNA during the 
first 10 days after insemination, a total dose 
of 300 mg DNA; she produced a litter of 5 
rats, all of which were jaundiced. All 5 
failed to thrive and died early. The oldest 
survivor died at the age of 4 weeks jaundiced 
and ataxic. The second female was given 10 


daily intraperitoneal injections of Addis- 
Slonaker DNA during the first 10 days after 
insemination, a total dose of 174 mg DNA; 
she produced a litter of 13 rats, all of which 
were jaundiced. Three of these rats survived 
to the age of 6 weeks, at which time their se- 
rum bilirubin levels varied between 6 and 7 
mg/100 ml, levels typical of untreated jaun- 
diced rats in the colony. 

Discussion. We have not been able to pro- 
duce somatic or genetic transformations with 
DNA in the rat. It is possible that the bio- 
logical activity of the DNA was destroyed 
during the isolation process. This seems un- 
likely in view of the mild chemical procedure 
used. The amount of DNA injected into 
these rats, in relation to body weight, was ap- 
proximately 10 times as great as that given to 
ducks by Benoit ef al. (personal communica- 
tion). A likely explanation for the failure is 
that DNA when injected into a mammal fails 
to reach the interior of cells, where its action 
might take place. The injected DNA would 
have to cross several cell membranes, as well 
as to be carried in the blood stream to sites 
distant from point of injection. During this 
process it would be subject to destruction by 
naturally occurring deoxyribonuclease. There 
is a vast difference here from the situation 
where single bacterial cells are bathed in a 
medium containing foreign DNA, and there is 
only one cell membrane to cross. The possi- 
bility also exists that many cells of a higher 
organism must be transformed genetically to 
produce an observable somatic effect. In 
bacterial transformations, only a fraction 
varying between 0.01% and 15% of the cells 
present are permanently modified by foreign 
DNA. If only 1 in 10,000 skin cells were 
changed so as to produce melanin in an albino 
rat treated with DNA derived from a pig- 
mented rat, it might not be possible to detect 
such a minute change by simple observation. 
In the case of rats that lack glucuronyl trans- 
ferase in the liver, it was hoped that, if even 
a small fraction of the hepatic cells could be 
changed so as to produce the missing enzyme, 
bilirubin could be cleared from the serum to 
some extent. Since this failed to occur, it is 
probable that the injected normal DNA had 
no effect in altering the abnormal liver cells. 
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Summary. DNA derived from black and 
white rats, on injection into newborn albino 
rats, failed to produce pigmentary changes 
in the hair and the eyes. Similarly, DNA de- 
rived from normal rats failed to correct a 
genetically determined absence of glucuronyl 
transferase in newborn jaundiced rats. 
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Influence of 6-Deoxy-6-Flucroglucose on Glucose Utilization in Rat 


Epididymal Adipose Tissue and Rat Diaphragm.* 


(24477) 


G. S. Serir,t C. J. Srewart,! H. I. Naxapa anp A. N. Wick? 
The Scripps Clinic and Research Foundation, La Jolla, Calif. 


The compound 2-deoxyglucose (2-DOG) 
has been shown to inhibit glucose metabolism 
as early as the hexokinase step(1). However, 
one difficulty which has been experienced in 
studies with this compound is a result of a 
lack of specificity in its blocking action. Thus 
it is known that 2-DOG blocks glucose me- 
tabolism at the isomerase step(2) as well as 
the hexokinase step and other sites of action 
of this drug remain as distinct possibilities 
(2,3). 6-Deoxy-6-fluoroglucose (6-FG) is a 
glucose analogue which may circumvent the 
difficulty of multiplicity of action. Because 
of the absence of a hydroxyl group in the 6 
position, the sugar obviously cannot be phos- 
phorylated by hexokinase. Thus it would ap- 
pear that if 6-FG does competitively inhibit 
glucose metabolism in mammalian tissues it 
should do so prior to or at the hexokinase step. 
Studies of 6-FG action in rat kidney tissues 
have indicated that this compound is indeed 
a competitive inhibitor of glucose utilization 
(4). Moreover, it appears that 6-FG does 
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rat kidney slices. A surprising feature of the 
study with rat kidney tissue has been the 
anomalous effect of an increased concentration 
of 6-FG on glucose oxidation. At low 6-FG 
concentrations a true competitive response to 
increasing concentrations of the fluoro deriva- 
tive is observed. At high 6-FG concentra- 
tions, however, a plateau is observed in the 
curve of inhibition of glucose oxidation over a 
wide range of 6-FG values. These data have 
been interpreted to suggest the presence of 
an alternate pathway of glucose metabolism 
before the hexokinase step. The object of the 
studies reported here is to determine whether 
the inhibitory pattern observed with rat kid- 
ney tissues is applicable to other mammalian 
tissues. 

Material and methods. The procedures 
employed in the preparation and incubation of 
rat adipose tissues and isolated rat diaphragms 
have been previously described(5,6). When 
used as substrates concentrations of glucose 
and acetate were maintained at 0.01M in the 
incubation medium. 2-DOG was obtained 
from Nutritional Biochemicals Corp., Cleve- 
land, O. 6-FG was prepared according to the 
procedure of Helferich et al.(7,8) as revised 
by Blakley (9). 

Results. The data of Table I show that 
fluoride ion is an effective inhibitor of oxida- 
tion of glucose and acetate in rat epididymal 
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TABLE I. Comparison of Effects of 6-Deoxy-6- 
Fluoroglucose and Fluoride Ion on Oxidation of 
Cl4-Labeled Acetate and Glucose in Rat Adipose 


Tissue. 
Inhibitor Substrate —_‘ Inhibition, % 
6-FG (.03 mw) U. L. glucose 51 
Acetate-1-C™ —6 
er et 2) U. L. glucose 90 
Acetate-1-C™ 96 
F- (.003 mw) U. L. glucose 64 
Acetate-1-C™ 42 


adipose tissue. On the other hand, 0.03M 
6-FG is effective only as an inhibitor of glu- 
cose oxidation. 

The influence of 6-FG and 2-DOG concen- 
trations on oxidation of glucose to COs, in the 
isolated rat diaphragm is shown in Fig. 1. At 
low concentrations, 6-FG is as effective an in- 
hibitor of glucose oxidation as 2-DOG. How- 
ever, with increasing concentrations of these 
glucose analogues, 2-DOG is seen to exhibit 
a more potent inhibition of C'O. formation. 

A similar pattern is seen to exist in rat adi- 
pose tissue (Fig. 2) with the exception that 
the differential between the two curves is not 
as extensive at high inhibitor concentrations. 

Comparison of the relative effectiveness of 
6-FG as an inhibitor of glucose utilization in 
rat kidney tissue(4), rat adipose tissue, and 
isolated rat diaphragm is given in Fig. 3. The 
effectiveness of 6-FG as an inhibitor is seen 
to increase in the series: kidney, diaphragm, 
adipose. 
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FIG. 1. Effect of 6-FG and 2-DOG on glucose oxi- 


dation to CO, in isolated rat diaphragm. Each 
point represents avg of 3 separate determinations. 
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Discussion. The inhibitory action of fluor- 
ide ion on glycolysis scheme and the Krebs’ 
cycle is a well established phenomenon. Thus 
the possibility arises that the inhibition ob- 
served with 6-FG is not an effect of 6-FG per 
se but rather an effect of fluoride ion hydro- 
lyzed from this glucose analogue during tissue 
incubation. This possibility appears to be re- 
futed by the data of Table I. A further ob- 
servation consistent with the conclusion that 
fluoride ion is not responsible for the 6-FG 
effect is that 6-FG has been shown to behave 
kinetically as a competitive inhibitor of glu- 
cose utilization(4). Fluoride ion on the other 
hand is known to be a non-competitive inhibi- 
tor of glycolysis. 
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dation to CO, in rat epididymal adipose tissue. 
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tions. 
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Earlier studies with rat kidney slices and 
sugars variously labeled with C' have indi- 
cated that the site of 6-FG action occurs prior 
to formation of  glucose-6-phosphate(4). 
Moreover, it has been suggested that an un- 
known pathway leading to glucose oxidation 
exists in kidney tissues prior to the hexo- 
kinase step. This conclusion was reached on 
the basis of the observation that at high 6-FG 
concentrations the curve of inhibition of glu- 
cose oxidation to CO. approaches a maximum 
at approximately 35 to 45% inhibition, indi- 
cating that some non-6-FG sensitive pathway 
is permitting glucose oxidation while the 6- 
FG sensitive pathway is almost completely 
inhibited. 
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FIG. 3. Comparison of effeet of 6-FG on rat kid- 
ney, rat diaphragm, and rat epididymal adipose 
tissue. 


The pattern observed in kidney tissue ap- 
pears to be qualitatively repeated in rat dia- 
phragm (Fig. 1) and rat epididymal adipose 
tissue (Fig. 2). 

Comparison of the response of all 3 tissues 
to 6-FG concentration (Fig. 3) indicates that 
the inhibited pathway of glucose oxidation 
contributes to an increasingly greater extent 
to total formation of COs, in the series: kid- 
ney < diaphragm < adipose. 

The demonstration that 6-FG inhibits glu- 
cose oxidation in such diverse specialized tis- 
sues as kidney, diaphragm, and adipose as 
well as in lower organisms such as yeast prep- 
arations(10) suggests that the process inter- 
fered with by 6-FG is a universal metabolic 
pathway. Work to determine the exact site 
of action of this analogue is currently under- 
way. 

Summary. The effect of 6-deoxy-6-fluoro- 
glucose (6-FG) on oxidation of glucose has 
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been examined in vitro in rat epididymal adi- 
pose and rat diaphragm tissue. It was found 
that 6-FG at all concentrations studied was 
an effective inhibitor of the oxidation of glu- 
cose. However, at high 6-FG concentrations, 
inhibition curve of glucose oxidation ap- 
proaches a maximum at approximately 75% 
and 50% for adipose and diaphragm tissue 
respectively. The inhibition curve obtained 
with 2-deoxyglucose, which was used for com- 
parison purposes, appeared to asymptotically 
approach 100% inhibition of glucose oxida- 
tion in these tissues. These results have been 
interpreted to mean that 2 or more pathways 
previous to the hexokinase reaction appear 
to exist for oxidation of glucose in these tis- 
sues, and that only one of these pathways is 
inhibited by 6-FG. 
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Sulfur Amino Acid Requirement for Lactation in the Rat.*! 
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Maryorte M. NELSON AND HersBert M. Evans 
Inst. of Experimental Biology, University of California, Berkeley and Depts. of Anatomy, 
Berkeley and San Francisco 


The classic studies of Rose(2) on amino 
acid requirements for post-weaning growth and 
nitrogen balance in rats have not been ex- 
tended to the study of amino acid require- 
ments for either pregnancy or for lactation. 
Numerous reports have been made, however, 
on the beneficial effects of cystine or methio- 
nine supplementation for lactation in rats 
maintained on diets containing protein sources 
known to be low or lacking in sulfur amino 
acids, e.g. casein(3,4), alfalfa proteins(5,6), 
peanut meal(7), and yeast protein(8). In 
fact, cystine and methionine have been pro- 
posed as specific dietary lactogogues(3). In 
the present study purified diets varying in 
casein level and in cystine supplementation 
have been used to determine an approximate 
value of total sulfur amino acid requirement 
for optimal lactation in the Long-Evans rat. 


Methods. The short-term lactation test of 
3 weeks is the same as used in previous 
studies(1,9,10,11). Normal female rats of 
Long-Evans strain, together with their litters, 
were placed on experimental diets at parturi- 
tion. All groups were balanced in regard to 
average age and body weight of mother at par- 
turition. The litters were limited to 6 young, 
preferably 3 males and 3 females. Mother 
and young were weighed every 5 days and the 
young were weaned on 21st day following 
parturition. Dietary casein levels of 12, 18, 
24, 30, 36 and 48% were used, with sucrose 
and casein being interchanged isocalorically 
in the basal purified diet.t L-cystine (0.5%) 

* A preliminary report was presented before Am. 
Chem. Soc., Portland, Ore., Sept. 1948(1). 

t Aided by grants from Board of Research and 
College of Agriculture, Univ. of California and the 
Roche Anniversary Fn. We are greatly indebted to 
Dr. Randolph Major of Merck, Rahway, N. J. for 
generous supplies of L-cystine, crystalline B vita- 
mins, and 2-methyl-1, 4-naphthoquinone; to Dr. 
E. L. Severinghaus of Hoffmann-LaRoche, Nutley, 
N. J. for crystalline d-biotin; and to Dr. T. H. 
Jukes, Lederle Labs., Pearl River, N. Y. for syn- 
thetic pteroylglutamic acid. 


was added to the 12, 18, 24, and 30% casein 
diets. In addition, 0.2% L-cystine and 0.2% 
DL-methionine were tested separately with 
the 24% casein diet. Ten to 12 litters were 
used for each experimental group and _ all 
groups receiving the standard level of 24% 
casein were repeated. Control litters were 
maintained on stock diet of natural foodstuffs 
which contained approximately 24.3% pro- 
tein (N x 6.25) or the protein equivalent to 
that furnished by 28% casein purified diet. 
All diets were given ad lib. and food intake 
was measured every 5 days. Criteria used for 
lactation performance in this short-term lac- 
tation test were those used previously by Nel- 
son & Evans(9): (1) average weaning weight 
of young, and (2) average weight change of 
lactating mother during the 21-day period. 

Results. Table I demonstrates improve- 
ment in lactation performance resulting from 
cystine supplementation of casein-containing 
purified diets. Addition of 0.5% L-cystine 
to 12, 18 and 24% casein diets resulted in 
significantly heavier weaning weights of young 
and significant improvement in maternal 
weight change. Cystine supplementation of 
the 30% casein diet improved weaning 
weights of young significantly with less bene- 
ficial effects on maternal weight. As judged by 

t The basal purified diet contained 24% alcohol- 
extracted casein, 64% sucrose, 8% hydrogenated 
vegetable oil and 4% salts No. 4(12). Crystalline 
vitamins/kilo diet were: 300 mug d-biotin, 5.5 mg 
pteroylglutamic acid, 5 mg 2-methyl-1,4 naphtho- 
quinone, 5 mg thiamine HCl, 5 mg pyridoxine HCl, 
10 mg riboflavin, 10 mg p-aminobenzoic acid, 20 mg 
niacin or niacinamide, 50 mg d-calcium pantothenate, 
400 mg inositol and 1 g choline chloride. One cc of 
fat-soluble vitamin mixture containing 6 mg dl-alpha- 
tocopherol, 115 chick units vit. D, 800 U.S.P. units 
vit. A and 650 mg corn oil (Mazola) was given week- 
ly to each litter. Vit. B,) was not included in the 
vitamin mixture for this study. However, succeed- 
ing studies have shown that addition of 25-50 yg 
crystalline vit. B,./kilo of the 24% casein diet did 
not improve lactation performance either in presence 
or absence of cystine supplementation, 
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TABLE I. Effect of Supplementary Cystine on Lactation in the Long-Evans Rat. Three-week 
test—litters limited to 6 young. 
oll 


Maternal Dietary sulfur 
Dietary Avg wt wt change Avg daily amino acids 
casein Cystine No.of No. of young during lac- — food in- Methionine -- ¢ys- 
level, % suppl.,.% litters young day21,*g _ tation,g take, g tine = total SAA t 
Casein-containing purified diets 
12 0 if 66 ileater 2 —43 + 8 2B) =e 1 33+ .04= .387 
5 10 60 41 + 2 -14+3 29+ 1 33 + .54—= .87 
18 0 13 78 41+1 —~24+ 2 Pf ail 50+ .06= .56 
5 12 72 54+1 O+3 Byiee I .50 + .56 = 1.06 
24 0 34 204 49 + 1 — 1+2 ailecieel 66 + .08= .74 
.2t 23 138 5441 +2+3 oo El .66 + .28— .94 
: 86+ .08= .94 
5 36 216 54+ 1 +1742 35 +1 .66 + .58 = 1.24 
30 0 12 72 50 + 1 — 243 ayes Jl Solos 
5 12 72 5441 +9+4 3441 .83 + .60 = 1.43 
36 0 12 72 5241 +19 +4 doe 99 + .12=1.11 
48 .0 12 72 ik se al +18 +5 3441 1.32 + .16 = 1.48 
Stock Diet I + lettuce ad lib. 
288 102 612 49 + 1 +14+ 2 35, Se 1! 


* This column gives avg weaning wt of young as calculated from litter avg weights, each lit- 
ter corrected to the 3:3 sex ratio by means of mid-sex correction factor (CF). All columns give 


the mean together with stand. error of mean. 


+ Caleulated from standard tables(13) and expressed in proportion to 16% nitrogen. 

t 0.2% L-eystine was used for 12 litters and 0.2% DL-methionine for 11 litters. The data 
have been combined as there was no significant difference between the 2 groups. 

§ The protein content of stock diet is equivalent to that furnished by a 28% casein-contain- 


ing purified diet. 


both young and mother, optimal casein level 
in the presence of additional cystine was be- 
tween 18% and 24%, whereas in the absence 
of cystine supplementation optimal casein 
level was probably close to 36%. 

The data suggest that slightly more than 
1% of total dietary sulfur amino acids (SAA) 
was necessary for optimal lactation of Long- 
Evans rats, i.e. 1.11 to 1.24% SAA. This 
SAA requirement for optimal lactation is con- 
siderably higher than that needed for post- 
weaning growth of rats as determined by 
Wretlind and Rose(14) i.e. 0.5-0.6% SAA 
furnished by 0.3-0.4% methionine and 0.2% 
cystine. There are several possible explana- 
tions for this difference, e.g. (1) higher SAA 
requirements for lactation than for growth, 
(2) strain differences in SAA requirement 
and (3) loss or non-availability of methionine 
or cystine resulting from process of alcohol- 
extraction. 

The purified diets containing 18-30% 
casein and supplemented with cystine resulted 
in young with weaning weights superior to 


those produced previously by similar diets 
supplemented with 8 B vitamins and a liver 
eluate powder(10). Average weaning weights 
of 54 g on these cystine-supplemented diets 
closely approached the optimal weaning 
weights of the Long-Evans rat reported by 
Dunn et al.(15) i.e. 54 g for females and 56 g 
for males. 

Summary. A short-term lactation test has 
been used to study the effects of cystine sup- 
plementation for purified diets containing 
casein as sole protein source. Supplementa- 


§ Microbiological assays for methionine with L. 
fermenti?® showed an apparent loss of methionine 
in all alcohol-extracted caseins tested. Methionine 
content for casein used was only 2.65% in comparison 
with the value of 3.3% given in standard tables(13) 
and with that of 3.2% for casein prepared by isoelec- 
tric precipitation and analyzed by the same micro- 
biological assay at the same time as the alcohol-ex- 
tracted caseins. These assays were carried out by 
Dr. S. Shankman of Shankman Laboratories, Los 
Angeles, Calif. Alcohol-extraction had no apparent 
effect on cystine content of casein preparations when 
cystine was assayed with L. mesenteroides, 
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tion of 12, 18, and 24% casein diets with 
0.5% L-cystine markedly improved lactation 
performance as judged by weaning weights of 
young and mother. Cystine supplementation 
of 30% casein diet improved weaning weights 
of young significantly with less beneficial ef- 
fects on maternal weight. The data indicate 
that total sulfur amino acid requirement for 
optimal lactation in the Long-Evans rat may 
be placed at slightly more than 1% of the 
diet and that cystine may furnish at least half 
of this requirement. 
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Relationship between Pituitary Growth Hormone Content and Age in Rats.* 
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JOLANE SOLOMON AND Roy O. GREEP 
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The question of whether or not the amount 
of pituitary growth hormone varies with age 
has been asked by several laboratories using 
beef(1), swine(2), and fetal and infant rat 
pituitaries(3) in the tibia test assay. To 
date, there is no consistent opinion as to the 
relationship between growth rate and amount 
of growth hormone in the pituitary. To de- 
termine whether growth hcrmone potency of 
the female rat pituitary varies as the animal 
ages from 10 to 630 days of age, the following 
methods were employed: 

Methods. Female rats descended from the 
Sprague-Dawley and Wistar strains were 
weighed and sacrificed with ether at 10, 42, 
56, 70, 168, 308, 376, and 630 days of age. 
At necropsy, the pituitaries were removed, 
weighed, and placed in absolute acetone, dried 
and stored in a vacuum desiccator for use in 


* Aided by research grant from Nat. Inst. Health, 
US.P.HS., and support from Am. Cancer Soc., 
Mass. Division. 


the tibia test assay for growth hormone. The 
growth hormone potency of the pituitaries 
was determined according to the procedure of 
Evans ef al.(4) using the parallel line method. 
For each assay, the whole dried pituitaries 
were weighed, triturated with saline and in- 
jected at 2 dose levels; and 3 groups of hy- 
pophysectomized rats received graded doses 
of a purified beef growth hormone preparation 
(Armour and Co.). Pituitaries from 2 age 
groups (42 and 70-day-old females) were as- 
sayed twice to test the accuracy of the pro- 
cedure. 


Results. Table I shows epiphyseal widths 
and statistical evaluation of growth hormone 
potency of the donor pituitaries. Table II 
is a compilation of data, using body and 
pituitary weights of the donor rats, and as- 
sayed growth hormone content of the pitui- 
taries, expressed in terms of wg of growth hor- 
mone/mg pituitary, or per g rat. 

Within the limits of the assay procedure, 
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TABLE I. Pituitary Growth Hormone Potencies of Female Rats 10 to 630 Days of Age. 


No. of R value, 
Source of pituitary hypox. Dose, Epiphyseal ug/g Slope Stand. dev. Lambda 
preparation rats pg/day width, w pituitary (b) (s) () 
10-day-old rat 5 250 Wie .28 79.8 188.48 20.76 152 
Idem 2 500 228 + 14.68 
630-day-old rat 5 250 173 + 9.28 102.0 375.87 
Idem 3 500 257 + 12.00 
Beef growth hormone ve 10 154 + 12.00 
Idem 25 191+ 9.28 96.58 
” ” 50 921 + ” 
Hypophysectomized i 14542 ” 
controls 
42-day-old rat 6 250 2344+ 7.84 127 93.02 19.19 217 
Idem 2 500 262-7 
56-day-old rat e 250 PAB ae 7 94 141.20 
Idem (3 500 246+ ” 
70-day-old rat o 250 Ate a 116 177.74 
Idem i 500 POY Sie” 
Beef growth hormone ‘i 10 176+ 8.58 
Idem 5 25 NO 7st Sa. 61.60 
ze 6 50 219s: ” 
Hypophysectomized x 145+ ” 
controls 
42-day-old rat 6 250 230+ 9.88 165.0 129.57 24.14 .220 
Idem zs 500 Mo) se 
308-day-old rat 2 250 Ieee 77.6 207.09 
Idem "a 500 Pees, 8 
Beef growth hormone 5 10 179 + 10.80 
Idem 6 25 195 + 9.88 85.92 
” ” 50 939 + ) 
Hypophysectomized 5 142 + 10.80 
controls 
70-day-old rat 5 500 236 + 11.58 99.9 75.30 25.90 216 
Idem 6 1000 258 + 10.58 
378-day-old rat & 500 240+ ” 96.1 58.14 
Idem Hi 1000 2574+ ” 
Beef growth hormone 5 25 224 + 11.58 
Idem 6 50 257 + 10.58 146.46 
x ra 100 ailpy es 
Hypophysectomized i 142 oe? 
controls 
168-day-old rat 4 250 169 + 12.40 44.6 88.61 24.80 695 
Idem 5) 500 195 + 11.09 
Beef growth hormone 4 10 181 + 12.40 
Tdem 3 25 186 + 14.32 
i is 50 OT 23.18 
Hypophysectomized 2 147 + 17.54 
controls 
the values obtained for amount of growth Summary. Pituitary growth hormone con- 


hormone in the female rat pituitary indicate 
that growth hormone may vary in rats of the 
same age as well as between age groups. Since 
body and pituitary weights increase with time, 
while growth hormone potency remains rela- 
tively static, there is no consistent trend of in- 
creasing or decreasing activity per milligram 
pituitary or per gram rat. 


tent of female rats from several age groups 
was assayed in the tibia test; and it was found 
that the amount of growth hormone, expressed 
in either »g/mg pituitary or in micrograms 
growth hormone/g rat, does not follow an 
ascending or descending course but fluctuates 
within a relatively small range as the rat ages 
from 10 to 630 days of age. 
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TABLE Il. Micrograms Growth Hormone per Milligram Pituitary and per Gram Rat. 


Pega) 
A B © C 
eg growth 
hormone/mg mg weg growth hor- 
Age, days No. rats pituitary pituitary Body wt, g = mone/g rat 
10 20 79.8 1.39 24.10 4.60 
42 19 127.0 4.78 99.00 6.13 
> if 165.0 4.78 99.00 TT 
56 15 94.0 5.96 119.66 4.68 
70 20 99.9 T79 143.00 5.44 
4 ” 116.0 G79 143.00 6.32 
168 16 44.6 20.56 326.81 2.81 
308 15 77.6 19.38 351.60 4,28 
378 33 96.1 20.28 358.10 5.44 
630 15 102.0 25.06 427.80 5.97 
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Use of Glass Electrode for Measuring Sodium in Biological Systems.*t 
(24480) 


SYDNEY M. FRIEDMAN, JAMEs D. Jamieson, J. A. M. HINKE AND 
CONSTANCE L. FRIEDMAN 
Dept. of Anatomy, University of British Columbia, Vancouver, Canada 


In seeking to trace the meaning of the rela- 
tionship between sodium and blood pressure 
we have been hampered by difficulties inher- 
ent in estimation of small quantities of this 
cation. While it is true that sodium move- 
ments regularly accompany changes in blood 
pressure(1) the magnitude of the shifts lies 
just on the borderline of what can be deter- 
mined without resort to statistical analysis of 
small differences. Similarly, while we have 
shown that pitressin has extrarenal actions on 
sodium, we were forced to demonstrate these 
with relatively large doses in order to pro- 
duce effects measurable by existing methods 
(2). A further major problem in these studies 
has been the fact that the time course of ion 
shifts can only be crudely estimated by blood 
sampling procedures. Recently, Eisenman, 


* This work was carried out with the aid of a grant 
from the Muscular Dystrophy Assn. of Canada. 

+ We are grateful to Mr. John Lees for his skilled 
help in manipulating the glass. 


Rudin and Casby(3) reported on preparation 
of cation sensitive glasses and indicated their 
potential usefulness as electrodes for bio- 
logical studies. The important implications 
of this work led us to explore, with the co- 
operation of Dr. Eisenman, the technical 
problem of adapting the electrodes for use in 
biological systems. The present report con- 
cerns only the sodium electrode. 

Methods. Amplifying and recording cir- 
cuitry. The basic electronic problem involves 
suitable high gain amplification from a high 
impedance source. Since a change of 1 meq/l1 
concentration from a base of 150 meq/1 should 
ideally yield a potential change of approxi- 
mately 160 microvolts it is evident that the 
drift and noise characteristics of the instru- 
mentation are the limiting factors in sensi- 
tivity. The Cary vibrating reed electrometer 
is a very satisfactory basic unit to meet these 
requirements, having a limiting sensitivity of 
about 20 microvolts and a very low drift rate. 
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The output of the electrometer is read di- 
rectly on its panel meter. Additionally, it is 
fed into a direct writing oscillograph. A cali- 
brated bucking potential is applied between 
electrode and amplifier so that net input po- 
tential can be limited to the most sensitive 
ranges of the instrument. In practice, we 
use a Grass Model 5 Polygraph as recording 
unit, receiving the electrometer output 
through a low-level DC preamplifier. The 
balance voltage circuit of the latter unit is 
externalized to serve conveniently as the 
source of the bucking potential. Glass elec- 
trodes. NASj1-1s glass, generously supplied 
by Eisenman, Rudin and Casby, was used 
throughout for fabrication of electrodes. In 
all cases, a standard calomel reference elec- 
trode was used. A. Haber bulb electrode. 
Measurements were made using Haber type 
bulbs filled with 0.1 M NaCl and containing 
a central Ag/AgCl lead according to the pro- 
cedure of Eisenman et al. These proved suit- 
able for estimation of large differences of Na 
concentration where relatively low amplifica- 
tions are required. Fine measurements were 
not possible with this arrangement since solu- 
tions cannot be changed without considerable 
electrical interference. The bulb was then in- 
corporated into a cannula into which solutions 
were fed from burettes at a distance. The 
cannula itself was shielded by a grounded box. 
This arrangement permitted work at high 
ranges of the amplifier and several versions of 
the assembly were tested. We were able to 
confirm the fact that the sodium sensitive glass 
responds only to Na* within the usual bio- 
logical ranges for Ht and K* background. We 
further observed that the response remains 
linear at high amplifications over small 
changes in Na concentration. We were, how- 
ever, unable to provide any long-lived insula- 
tion for the stems of the bulbs despite trials 
with a wide variety of materials. This meant 
that we were continually plagued with fabri- 
cation of new electrodes until one of us (J. A. 
M.H.) simplified the problem by constructing 
the cannula itself of NASi1-1s glass. B. Glass- 
to-silver electrode. A glass-to-silver electrode 
in tubular form is shown in Fig. 1. NASj1-1 
glass is blown into a thin-walled fusiform bub- 
ble which is silvered on the outside by the Ro- 
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FIG. 1. Diagrammatic section through a tubular 
type of glass-to-silver sodium electrode. Measure- 
ments are approximately 0.5 & 2.0 em. 


chelle method. The silver in turn in heavily 
copper plated with a lead wire incorporated di- 
rectly into the copper deposit. Polyethylene 
tubing is attached to both ends, the outside of 
the assembly is heavily coated with a non- 
hardening bakelite for insulation, then housed 
in a plastic box for protection. The lead wire is 
connected to a screw terminal since hot solder 
connections cannot be used. These glass-to- 
silver electrodes have proved rugged and long- 
lasting. For unknown reasons they have not 
yielded the ideal 58 mv slope but have settled 
at approximately 48 mv with remarkable day 
to day stability. The results described below 
have all been obtained with the tubular glass- 
to-silver electrode, measuring 0.5 x 2.0 cm, 
although the size does not appear to be criti- 
cal. 

Results. In vitro. The potentials devel- 
oped by the electrode in static and flowing un- 
buffered systems differ by a constant (Fig. 2) 
which is itself a function of the rate of flow. 
The constant for a flow rate of 45 ml/min. 
compared with zero flow is almost 1 mv. AI- 
though this is a rather extreme situation, it is 
evident that rate of flow must be evaluated 
in any attempt to measure small changes in 
Na concentration. 

Rate of change of flow, or acceleration, is 
another factor which may cloud the interpre- 
tation of electrode potentials in unbuffered 
systems. This factor can be demonstrated 
easily in start-stop experiments where an 
overshoot occurs on starting the flow through 
the tube; height of the overshoot can be re- 
duced almost to the vanishing point by reduc- 
ing the rate at which flow starts. 

Changes in flow rate are less important with 
buffered solutions. Thus, with Na phosphate 
at pH 7.3, changing the flow rate from zero 
to 4, 6, 8, 10, 15 or 24 ml/min. gave a po- 
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FIG, 2. Effect of altering Na (acetate) concentration in steps of 3 meq/1, between 140 and 149 


meq/l, on sodium electrode potential. 
tions. Flow rate is standard at 45 ml/min. 


A. Potentials under static (S) and flowing (F) condi- 
B. Potential difference for a 3 meq/1 step in con- 


centration, amplified 3-fold in comparison with tracing in A. C. Electrode potentials recorded 
for 3 meq/1 steps under continuous flow conditions. The increment for each step is the same as 
in A. 


tential change of 50 to 100 microvolts while 
no change occurred once the system was flow- 
ing when the rate was changed from 4 to 18 
ml/min. 

Within the limitations noted above, frac- 
tional changes in Na concentration can be 
measured reproducibly. Thus, without seri- 
ous attempt to reduce noise, changes of 50 
microvolts, i.e., of 0.3 meq/] out of 150 meq/1 
of Na can readily be distinguished. This sen- 
sitivity is considerably better than the 1% 
limit of the most careful flame determination 
and it is evidently possible to reduce this 
towards the 20 microvolt sensitivity limit of 
the instrument. A big advantage of the elec- 
trode is its ability to follow cyclic changes re- 
producibly without noticeable lag. Drift is 
ordinarily negligible for short term measure- 
ments and is easily compensated in longer pro- 
cedures. The electrode can be accidentally 
polarized by the potential from the bucking 
source and this must be carefully avoided in 
switching. A stabilization period of at least 
15 minutes is required after any interruption 
of the circuit. 

In vivo. For this study, adult female rab- 
bits, anesthetized with barbitone-urethane 
and fully heparinized to eliminate the possi- 
bility of clotting in the cannula, were used. 
The aim was to determine whether the elec- 
trode was able to follow cyclic changes in Na 
concentration in blood. The tube electrode 


was implanted as a by pass into the femoral 
artery. Blood pressure was recorded simul- 
taneously from the opposite femoral artery 
using a Statham P23AA transducer. Infu- 
sions were given through polyethylene tubing 
implanted in the femoral vein. The calomel 
reference electrode was firmly anchored into 
the wound ooze. 

The ability of the electrode to follow cyclic 
changes of Na concentration in whole blood 
was Clearly demonstrated by infusion of meas- 
ured amounts of Na as acetate or phosphate. 
Electrode response is a direct function of the 
amount of Na infused (Fig. 3). With each 
infusion there was a brief latent period, ap- 
parently corresponding to circulation time, 
followed by a rapid increase in electrode po- 
tential reflecting the initial small volume of 
distribution of the infused Na, and a gradual 
subsidence again as the Na became uniformly 
distributed. With each injection base line Na 
concentration rose in proportion to amount 
administered. Thus, the electrode is measur- 
ing Na concentration or, more accurately, ac- 
tivity. 

In previous studies we have shown that Na 
concentration in the blood is related to the 
blood pressure. The electrode should follow 
these changes more faithfully than the crude 
sampling method originally used to demon- 
strate this relation. In Fig. 4 the typical co- 
ordinated response of blood pressure and Na 
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level to acute injection of norepinephrine is 
shown. Not only are the changes in Na con- 
centration grossly similar to those shown 
chemically but they are here followed with a 
detail not previously possible. 

Discussion. The NASj1-1s glass developed 
by Eisenman, Rudin and Casby responds 
only to sodium at a pH greater than 4 and in 
presence of a K* concentration less than 30 
meq/l. This means that if high amplification 
is possible, this glass can be used for specific 
measurement of Na in ordinary biological 
systems. The present report has demonstrated 
that such amplification is feasible and that 
glass-to-silver electrodes are particularly suit- 
able for this purpose. We have used the elec- 
trode in the form of a tube or cannula but evi- 
dently other arrangements are equally pos- 
sible. Thus, the tube could be closed at one 
end and silvered either on the inside to form 
an immersion tip or on the outside to form a 
containing tube. Enlargement of the cannula 
to a bath in which muscle strips might be 
studied, or its contraction to microelectrodes 
should be equally feasible. 

Thus far, we have been concerned only with 
ability of the electrode to measure relative 
changes in sodium activity. Additional prob- 
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FIG. 3. Blood pressure (lower trace) and sodium 

electrode potential recorded simultaneously from 

femoral artery of a female rabbit of 3.5 kg. So- 

dium acetate (3 meq in 0.75 ml) was inj. rapidly 

as indicated by the bar. (Electrode potential, 48 
mv/log unit.) 
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FIG. 4. Blood pressure and sodium electrode po- 
tential recorded simultaneously from femoral ar- 
tery of a female rabbit of 3.5 kg. In the interval 
indicated by the arrows, 150 wg of norepinephrine 
(bitartrate) was inj. intrav. 


lems require solution if the electrode is to be 
used for measurement of absolute quantities 
of sodium involved in such dynamic changes. 
Such studies are underway. Further, the use- 
fulness and range of the glass-to-silver sodium 
electrode would be enhanced if simultaneous 
measurements of potassium could also be 
made. Preliminary studies indicate that the 
K* electrode may also be applicable to bio- 
logical work. 

Summary. Development of a sodium glass- 
to-silver electrode for biological use has been 
described. The instrument is simple and par- 
ticularly useful for continuous recording of 
small changes in sodium concentration, both 
in static and in flowing systems. As such, it 
should be applicable to a wide variety of 
studies. 
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Comparative Effectiveness of Fresh and Lyophilized Platelets in 


Controlling Irradiation Hemorrhage in the Rat.* 


(24481) 


T. M. Firepner, D. K. SoreNsEN, V. P. Bonn, E. P. Cronkite, D. P. Jackson, t 
E. ApDAMIK 
Medical Research Center, Brookhaven National Laboratory, Upton, N. Y. 


It has been established that thrombocyto- 
penia is the major cause of hemorrhage in 
animals exposed to uniform whole body ir- 
radiation(1). Repetitive transfusions of 
fresh platelets, to maintain reasonable platelet 
levels, prevent hemorrhage. Bleeding that 
has commenced can be quantitatively sup- 
pressed by a single fresh platelet transfusion 
(2). The storage life of platelets is measured 
in hours. Accordingly, considerable efforts 
have been exerted to preserve platelets by 
freezing(3), storage in media(4), or by lyo- 
philization(5). Platelets preserved by the 
preceding 3 methods have been reported of 
value in controlling bleeding in leukemic chil- 
dren(5). However, the methods of assaying 
effectiveness of platelet transfusions in pa- 
tients are not sufficiently quantitative. Since 
radiation injury may occur accidentally in the 
atomic industry and would be seen on a large 
scale in nuclear warfare, and intermittently 
after chemotherapy of cancer, it appeared es- 
sential to evaluate the effectiveness of pre- 
served platelets in controlled radiation injury 
by quantitative methods. This report deals 
with the comparative effectiveness of fresh 
and lyophilized platelets in controlling hemor- 
rhage in fatally irradiated rats. 

Methods and materials. Sprague-Dawley 
rats were used, females and males approxi- 
mately 100 g at time of irradiation. Donor 
rats were cast off female breeders about 300 g 
in weight. Platelet counts were performed by 
Brecher-Cronkite phase contrast method(6). 
Rats were given 600 r total body irradiation 
by 250 KVP General Electric x-ray machine 
operating at 30 ma and filtered with 0.5 mm 
of Cu and 1 mm of Al. Tissue dose rate was 
32 r/minute at TSD of 100 cm. Donors were 
bled from abdominal aorta under sterile con- 


* Research supported by U. S. Atomic Energy 
Comm. 

t Research Collaborator, Johns Hopkins Hospital, 
Baltimore, Md. 


ditions into cold siliconed syringes containing 
1 ml of cold 1% Na, EDTA in 0.7% saline. 
The blood was then placed in cold siliconed 
tubes and platelets were separated by modi- 
fication of the differential centrifugation tech- 
nic of Dillard et al.(7). Freshly separated 
platelets were either transfused within 2 hours 
or lyophilized precisely according to the 
method of Klein, ef a/.(5) and stored in sealed 
ampoules filled with dry nitrogen. In a pre- 
liminary experiment to evaluate histologically 
the effectiveness of platelets in preventing 
hemorrhage, 18 rats were given 600 r. Three 
groups of 6 animals each were to have received 
transfusions of fresh platelets, lyophilized 
platelets and saline, respectively, on days 6, 
8 and 10, with sacrifice to follow on day 11. 
The amount of fresh platelets transfused was 
estimated to raise platelet count to between 
1 and 2 x 10° platelets/mm*. Equivalent 
amounts of lyophilized platelet material were 
given. All animals were transfused on 6th 
and 8th day. At time of second transfusion 
on 8th day, one animal receiving lyophilized 
platelets died within minutes in convulsion. 
Then one animal from each of the other 
groups was sacrificed. Similarly on day 10, 
2 animals receiving lyophilized platelets died, 
and 2 from the other groups were sacrificed. 
The remaining animals were sacrificed on 
day 11. At sacrifice, tissues were prepared for 
histological examination. In a second series 
of experiments, fresh platelets in amounts in- 
dicated above, were given on Sth, 7th and 
9th post-irradiation days to 5 rats, and lyo- 
philized platelets to 5 rats. All animals re- 
ceiving transfusions of fresh or lyophilized 
platelets were sacrificed on day 10. Eight 
animals were subjected to irradiation only, 
and 2 were sacrificed on each of post-irradia- 
tion days 3, 5, 7 and 10. Four control animals 
receiving no treatment were sacrificed on day 
10. All tissues were prepared for histological 
examination. In Exp. 2, one animal died 
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FIG. 1. Effect of transfusions of fresh and lyoph- 
ilized plateiets on platelet count following exposure 
to total body irradiation in the rat. 


shortly after receiving a transfusion of lyo- 
philized platelets on day 9, and was not in- 
cluded in data given above. Several tests 
were used to assay for presence of bleeding 
and the effectiveness of transfusions as fol- 
lows: 1. Gross observation for bleeding, 2. 
Platelet counts, 3. Study of hematocrit, 4. 
Observation for and microscopic evidence of 
bleeding and concentration of red cells in 
lymph nodes, 5. Susceptibility to bleeding 
from minor trauma (subcutaneous injection of 
0.5 ml of isotonic saline). 

Results. Fig. 1 presents comparative plate- 
let counts of control non-irradiated rats, con- 
trol irradiated rats given no transfusions, rats 
irradiated and given fresh platelet transfu- 
sions, and rats irradiated and given lyophilized 
platelet transfusions. Fresh platelet transfu- 
sions raised and maintained the platelet count 
at more than twice the normal level. There 
was no detectable difference in platelet count 
between non-transfused irradiated rats and 
irradiated rats receiving lyophilized platelet 
transfusions. 

Fig. 2 shows comparative serial hematocrits 
for all groups of rats. The constancy of the 
hematocrit in non-irradiated rats demonstrates 
that blood sampling did not affect the hema- 
tocrit. Irradiated non-transfused rats devel- 
oped the usual anemia expected on the basis 
of past experience, The decrease in hema- 
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tocrit of rats receiving platelet transfusions 
was considerably less rapid than in control 
irradiated or lyophilized transfused irradiated 
rats. Rats receiving lyophilized platelets de- 
veloped a more severe anemia than control 
irradiated rats. 

At autopsy on eighth to eleventh post-ir- 
radiation day, diffusely bloody lymph nodes 
were seen grossly and microscopically in con- 
trol-irradiated and lyophilized-platelet-trans- 
fused groups. Control non-irradiated and 
fresh platelet transfused rats showed no gross 
hemorrhage, and only a rare extravascular red 
cell microscopically in lymph nodes of the 
platelet transfused group. In all groups, pha- 
gocytized red cells were found in the lymph 
nodes. 

At sites of saline injection, ecchymoses were 
seen in the control-irradiated and lyophilized- 
transfused groups. No ecchymoses were seen 
in control non-irradiated or in irradiated fresh 
platelet transfused groups. 

Fresh platelet transfusions were tolerated 
without visible distress. The lyophilized 
platelet transfusions regularly produced ves- 
sel spasm at site of injection. Frequently, 
respiratory stress and hyperexcitability fol- 
lowed injection of lyophilized platelets. This 
passed off promptly in most instances, al- 
though several deaths resulted as noted above. 

Discussion. In the irradiated rat, fresh 
platelets prevented bleeding completely. Lyo- 
philized platelets in similar amounts were to- 
tally ineffective. In the fresh platelet trans- 
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fused group, since there was no hemorrhage, 
the decrease in hematocrit was primarily due 
to cessation in new cell production and senes- 
cence of red cells present at time of irradia- 
tion. If total blood volume remained con- 
stant, the red cell mass decrease, as indicated 
by the hematocrit, would have been about 
70% over a 10-day period. Thus a very 
rough estimate of rat red cell life span by this 
manner is in excess of 20 days. 


It could be argued that larger amounts of 
lyophilized platelets might be needed to con- 
trol bleeding. However, the amounts injected 
were at a level resulting in acute mortality in 
some animals. 


These observations do not apply to frozen 
platelets and do not prove that lyophilized 
platelets are of no value in other bleeding 
states. Since radiation bleeding apparently is 
due almost exclusively to a simple thrombo- 
penia one can conclude that lyophilized plate- 
lets are ineffective in controlling bleeding 
from uncomplicated thrombocytopenia, where- 
as fresh platelets are effective in controlling 
such bleeding. 


Summary. The efficiency of fresh vs. 
lyophilized platelet transfusions to control 
radiation induced hemorrhage were tested in 
rats by gross observation for bleeding, plate- 
let count, hematocrit, microscopical study of 


lymph node sections, and susceptibility to 
bleeding from minor trauma. Hemorrhage 
occurs in irradiated, untreated rats around the 
fifth post irradiation day increasing with the 
progress of platelet fall, which reach a mini- 
mum around the tenth day. Fresh and lyo- 
philized platelet transfusions were performed 
on Sth, 7th and 9th day. Whereas fresh 
platelet transfusions raised the platelet count 
to 2-3 times the normal and stopped hemor- 
rhage, lyophilized material had no effect on 
platelet counts which were not different from 
irradiated controls and did not show any influ- 
ence on the bleeding tendency. In the lyo- 
philized platelet transfused rats, the hema- 
tocrit dropped more than in the irradiated 
controls. 
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Total Body Water in Growing Domestic Fowl! by Antipyrine Dilution 
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That total body water was nearly a direct 
proportion of fat-free weight was shown by 
Light et al.(1) to be true for any particular 
age group but not between ages, in weanling 
and in grown rats. Annegers(2) studied the 
relationship among total body water, body 
fat, and fat-free, dry body weight in normal 
rats and mice and in starved and dehydrated 


* Present address: Dept. of Medicine, School of 
Veterinary Medicine, University of Pennsylvania, 
Philadelphia, Pa. 


Y. State Veterinary Coll., Cornell University, Ithaca, N. Ve 


rats. He showed that body fat did not have 
an independent effect on total body water 
when expressed on a fat-free basis. Severe de- 
hydration reduced total body water in adult 
female rats. Distribution of non-toxic anal- 
gesic, antipyrine, in tissues in proportion to 
their water content was observed by Brodie 
and Axelrod(3). The volumes of distribu- 
tion of antipyrine and deuterium oxide were 
found to agree well in normal subjects. Good 
agreement has also been obtained when com- 


734 Tora, Bopy WaTER BY ANTIPYRINE DituTION TECHNIC 


TABLE I. Total Body Water of Growing White Leghorn Pullets by the Antipyrine Dilution 


Technic, 
SS eee 
Body water 
mg anti- Aa 
Age, wk No. of birds Wt, g pyrineinj. Plasma H,O, % ml % 
1 16 G8s7 =anO.Oe 15 OLD EE 58.5 85.2 
2 12 Seuilas ys) 15 96.3 + .5 60.5 68.7 
3 yg 148.5 + 20.0 30 96.1 + .4 99.7 67.1 
4 16 22M Osa 7.9 30 95.8 + .2 152.3 68.9 
6 8 422.8 + 24.3 60 95.8 + .4 250.2 59.2 
8 16 605.8 + 34.3 75 95.5 + .2 399.8 65.9 
16 8 1284.0 + 48.1 150 95.1 + .5 626.0 48.7 
32 6 1619.3 +227.5 150 94.6 + .3 890.7 55.0 


* Stand. dev. 


paring volumes of distribution of antipyrine 
with total body water estimated by desicca- 
tion. The validity of antipyrine measure- 
ments was further confirmed when compared 
to calculations from body specific gravity (4, 
5). This method has been applied success- 
fully to cattle(6), swine(7) and calves(8). 
Weiss(9) used the antipyrine dilution technic 
to estimate total body water in mature chick- 
ens. In the work reported here, the antipy- 
rine dilution technic was extended to include 
stages of growth of chickens from hatching to 
maturity. 

Materials and methods. Females of the 
White Leghorn breed at Cornell University 
were used. They were fed a commercial ra- 
tion appropriate to their age and housed in 
batteries at temperatures within their re- 
quired zones. Birds of 1, 2, 3, 4, 6, 8, 16 
and 32 weeks of age were studied. They were 
deprived of food for 18-24 hours before deter- 
minations were made. An appropriate amount, 
depending upon size of the bird, of a 15% 
antipyrine solution was injected intraven- 
ously. Blood samples were taken with hepar- 
inized syringes at 5, 10, 20 and 30 minutes 
after injection (in some cases 45 minutes). 
The problem of obtaining 4 samples was met 
by injecting a large number of chicks and col- 
lecting only one sample from each at a certain 
time after injection. As the birds grew older, 
2 blood samples were taken from one bird. 
With mature hens all the blood samples could 
be taken from the same bird. A protein-free 
plasma filtrate was prepared. Antipyrine was 
determined essentially as described by Weiss 
(9). Plasma water was determined by desic- 
cation of plasma to constant weight at 105°C. 


Results. The results obtained for total body 
water by the antipyrine dilution technic are 
presented in Table I. In the 1-week-old chick, 
total body water was found to be 85.2% of 
the body weight; this percentage dropped rap- 
idly to begin with and decreased to 55.0 in the 
mature bird. Plasma water content had a 
very narrow range from 95.5% in the 1-week- 
old to 94.6% in the mature hen. The estima- 
tion of total body water by desiccation(10) is 
also shown. 


Discussion. With the exception of the 1, 
6 and 16-week-old birds the direct method 
and antipyrine method agree fairly closely, 
although it does appear that antipyrine under- 
estimates total body water. There was con- 
siderable variability found in the total body 
water in the one-week-old chick. This was 
probably due to differing amounts of yolk 
present in the birds used. The results ob- 
tained for the 32-week-old birds are in agree- 
ment with those published by Weiss(9). In 
conjunction with other published results 
(1,10) it was found in chickens that the rela- 
tionship between total body water and fat- 
free body weight, which holds for any particu- 
lar age group, does not hold between ages. 


Conclusion. Total body water was esti- 
mated by the antipyrine dilution technic. 
There was considerable variation between the 
ages studied. In comparison with the direct 
method it appeared that in chickens the anti- 
pyrine technic underestimates body water, the 
range being from 85.2% for a one-week-old 
chick to 55% for the 32-week-old bird. 
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We have previously reported(1,2) that 
trans fatty acids were deposited in the tissue 
of female rats which had been fed trans fatty 
acids and that these acids did not seem to 
pass through the placenta, as the progeny from 
these rats did not contain trans fatty acids un- 
less they had been allowed to suckle the ma- 
ternal milk. Since rat and human placentae 
may differ in ability to transfer nutrients, it 
is not possible to conclude from these results 
whether the human baby receives trans fatty 
acids via the placenta. In the present study 
samples of fat from human placental, mater- 
nal, fetal, and baby tissue were examined for 
the presence of trans fatty acids to determine 
whether those in human tissues originate(3) 
solely from dietary fat. 

Methods. The placenta was washed free of 
superficial blood with cold water, the umbilical 
cord removed; the placenta was cut into small 
pieces, ground in Waring Blendor in the pres- 
ence of ethanol, and allowed to remain in con- 
tact with solvent for 12 hours. The remaining 
lipid was removed by successive extractions 
with acetone, petroleum ether (Skellysolve F) 
and ethyl ether. Extracts were combined, 
dried over sodium sulfate and freed from sol- 
vent. Since these lipids contained a large 
amount of unsaponifiable material which in- 


* This study was supported by a grant-in-aid from 
National Livestock and Meat Board, Chicago, IIl. 


terfered with absorption at 10.36 » in the in- 
frared region, analyses for trans fatty acids 
were carried out on the methyl esters. The 
combined lipids were saponified with 4% al- 
coholic potassium hydroxide at room tempera- 
ture. We found that trans isomers are not 
formed under these conditions. The unsapon- 
ifiable material was removed in a separatory 
funnel by shaking with Skellysolve F, the 
soaps were acidified with hydrochloric acid, 
fatty acids removed by extraction with Skelly- 
solve F, free from solvent, and the methyl 
esters prepared from residue by esterification 
with cold methanol saturated with hydrogen 
chloride gas. All extractions were done quan- 
titatively and solvents were removed by use 
of a Rinco rotating evaporator. Lipids from 
samples of maternal, baby and fetal tissue 
were extracted by use of Soxhlet apparatus 
and after drying, the solvent (acetone fol- 
lowed by Skellysolve F) was removed as de- 
scribed above. The % trans double bond was 
determined at 10.36 » by use of Beckman 
IR2A spectrophotometer and the Jackson and 
Callen baseline method(4). All analyses were 
done in carbon disulfide solution at 5% con- 
centration. Methyl esters were compared with 
methyl elaidate standard and all other sam- 
ples with a trielaidin standard. 

Results. Methyl esters obtained from pla- 
cental lipids contained little or no trans dou- 
ble bonds. In 3 samples a slight absorption 
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TABLE I. Percentage of Trans Fatty Acids in 6 
Samples of Placental and Maternal Fat from Same 


Individual. 
Maternal 
Placental depot fat, Age of 
fat,* % trans % trans mother 
0 6.4 16 
5 6.8 20 
0 6.1 19 
0 55 26 
45) 1.8 oF 
0 ie 22 


* Six other samples of placental fat were col- 
lected from which maternal fat had not been avail- 
able, none contained trans fatty acids. 


at 10.36 » was observed, but this was too 
slight for measurement and is reported as a 
trace or less than 0.5% (Table I). 


In 6 cases of Caesarean section, it was pos- 
sible to obtain samples of the maternal depot 
fat in addition to the placenta. Analyses of 
these samples showed that the depot fat of 
the mother contained from 1.5-6.8% of trans 
fatty acids, whereas methyl esters of the pla- 
cental lipids from these mothers contained 
little or no trans double bonds (Table I). 


The lipid extracted from 5 samples of fetal 
liver (5 to 8 months gestation) contained no 
appreciable amounts of trans double bonds. 
In 4 cases there was no absorption at 10.36 
» and slight absorption was noted in the fifth 
case but was not measurable. Furthermore, 
the fat extracted from 2 pooled lots of new 
born baby tissuet representing a total of 22 
samples showed little or no trans fatty acids 
were present in this tissue. 


While it has been shown that polyunsatu- 
rated fatty acids(5) and other lipids do pass 
the placental barrier, the amounts are appar- 
ently small(6). It is therefore improbable 
that any appreciable amount of trans fatty 


+ Prepuce tissue from male babies. 


Trans -Fatry AcipsS IN HUMAN TISSUE 


acids would be detected in the placental fat 
or be passed on to the fetus unless the ma- 
ternal depot fat and blood contained large 
quantities of trams fatty acids. We have 
found a maximum of 14% trans in human tis- 
sue(3) and traces only in the fatty acids of 
human blood and human milk fat. No cor- 
relation was noted between age of the mother 
and percentage trans fatty acid content of 
her depot fat (Table I). 

The results of our study indicate that the 
trans fatty acids present in human tissue ap- 
parently arise solely from dietary fat, and as 
in other non-ruminants(7), they do not nor- 
mally appear in the tissues unless a source of 
trans fatty acids is included in the diet. 

Summary. Samples of fat from human pla- 
cental, maternal, fetal, and baby tissue were 
examined for presence of trans fatty acids. 
While the maternal tissue contained consid- 
erable amounts of trans fatty acids, these li- 
pids were not found to any measurable extent 
in placental, fetal, or baby fat. The results 
indicate that trans fatty acids found in human 
tissue must originate solely from dietary fat. 
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Since Miyoshy’s(10) demonstration that 
paraffin could be utilized as sole carbon source 
by a penicillium species, a number of reports 
(6,12,13) have confirmed and extended this 
observation. Microorganisms and higher or- 
ganisms capable of breaking down beeswax 
(2,4,5,6,14) and tubercle wax(3,4,6,8.9,11) 
have been described. In view of the useful- 
ness of wax dissolving enzymes, presumably 
esterases, in metabolic studies of tubercle ba- 
cilli, more exact information on occurrence 
and characteristics of such enzymes appeared 
desirable. The data here presented show that 
Wax esterases, active against beeswax, tu- 
bercle wax and tributyrin can be demon- 
strated in cell free extracts from a variety of 
microorganisms even though esterase activity 
of the intact cells may be negligible. 


Materials and methods. Organisms for 
study were Micrococcus ureae (ATCC 408), 
Aspergillus flavus (ATCC 9643), Bacillus 
macerans (ATCC 290), Micrococcus cerolyti- 
cus (ATCC), Candida albicans (isoiated from 
clinical material from Passavant Hospital, 
Chicago), a penicillium species and a Gram- 
negative rod isolated from commercial bees- 
wax), and GM1 (Gram positive rod isolated 
from intestinal tract of wax moth (Galleria 
mellonella).| Stock cultures were maintained 
on tryticase soy agar slants. Aspergillus fla- 
vus and the penicillium species were grown 
in synthetic medium containing 1 g NH,NOs, 
1 g KHsPO,, 20 mg MgSOu,, 0.1 g NaCl, 0.1 
g CaClo, 3 mg FeClz, 1 mg biotin, 10 g dex- 
trose, 1000 ml double distilled water. Can- 
dida albicans, GM1, the Gram negative rod, 
Bacillus macerans were grown in synthetic 


* This investigation was aided by research grant 
from Ill. Tuberculosis Assn. 

+t Present address: Public Health Research Inst. of 
GitynOLoNa Yi. 

t+ Predoctorate fellow, Dept. of Microbiology, 
Northwestern University Med. School, Chicago. 

§ Submitted to American Type Culture Collection. 

|| Kindly submitted by Mr. R. M. Lycette, Villa 
Park, Ill, 


medium consisting of 6 g (NH,)»2HPO,, 0.2 
g KH.PO,, 40 mg MgClo, 1 mg biotin, 10 g 
dextrose, 1000 ml of double distilled water. 
Micrococcus ureae and Micrococcus cerolyti- 
cus were grown in tryticase soy broth (BBL). 
To obtain sufficient growth for manometric 
studies a shallow layer of medium (300 ml) 
in a 5 liter diphtheria toxin bottle was inocu- 
lated with the growth from a slant suspended 
in 10 ml of culture medium. Cells in the log- 
arithmic phase of growth were harvested by 
centrifugation and washed 3 times with dis- 
tilled water. The cells were resuspended in 
distilled water and adjusted to a standard op- 
tical density which corresponded to a nitrogen 
content of 0.07-0.18 mg/ml depending on 
strain or microorganism. Nitrogen was de- 
termined by the method of Ma and Zuazaga 
(7). Cell extracts were prepared as follows: 
Cells in logarithmic growth were harvested, 
washed 3 times with distilled water, and resus- 
pended in 15 ml of distilled water. Cell sus- 
pensions (containing 5-10 g wet wt) of all 
microorganisms except Aspergillus flavus and 
the penicillium species were subjected to sonic 
oscillation for 1 hour in a Raytheon 10 KC, 
250 watt oscillator. To facilitate breakage of 
Candida albicans the washed cells were lyo- 
philized and 5 times their weight of acid 
washed glass beads (75 «) were added. This 
was then resuspended in 15 ml of distilled 
water and subjected to sonic oscillation for 1 
hour. Suspensions of Aspergillus flavus and 
the penicillium species were ground by hand 
for 15 minutes in a chilled mortar containing 
sufficient alumina 303 to produce a_ thick 
paste. Treated cell suspensions were then 
centrifuged at 2900 x g for 15 minutes at 5°C. 
The crude extracts were maintained at 5°C 
in an ice bath and saturated with a mixture of 
95% Ne and 5% COz by bubbling in the gas 
mixture slowly for 5 minutes. One ml of these 
extracts was used per Warburg vessel and con- 
tained from 0.4 to 1.4 mg No/ml. Oxygen up- 
take was determined by conventional Warburg 
technics at 37°C. Esterase activity was deter- 
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mm’0, 


Time in hours 


Time in hours 
FIG. 1-8. 
1, Aspergillus flavus; 2. Penicillium species; 3, 
GM1; 4, Gram negative rod; 5, Micrococcus ureae ; 
6, Bacillus macerans; 7, Candida albicans; 8, 
Micrococcus cerolyticus. 
Contents of Warburg flask: 1 ml of 0.1 M potas- 
sium phosphate buffer pH 7.4, substrate, 1 ml of 
cell suspension containing the following amounts 
of nitrogen: 0.11 mg (Aspergillus flavus), 0.18 mg 
(Penicillium species), 0.08 mg (GM1), 0.11 mg 
(Gram negative rod), 0.1 mg (Micrococcus wreae), 
0.07 mg (Bacillus macerans), 0.1 mg (Candida al- 
bicans), 0.08 mg (Micrococcus cerolyticus). Center 
well contained 0.2 ml of 40% KOH. Temp. 37°C. 
I, Myricyl palmitate; II, TB wax; EH, endogenous. 


mined by measuring liberation of CO, from 
0.445 M NaHCOs, pH 7.9, in an atmosphere 
consisting of 95% N» and 5% COs, over a 
period of 24 hours. Myricyl palmitate (Bios), 
25 mg/flask; tubercle wax (prepared by the 
method of Anderson, 1), 25 mg/flask; and 
tributyrin (Calif. Fn. for Biochem. Research) , 
0.2 ml/flask were used as substrates. Before 
use, the first 2 substrates were ground to a 
fine powder in a mortar immersed in dry ice. 
The 3 substrates appeared to contain only 


“Wax EsTERASE ACTIVITY 


traces of reducing sugar (Benedict’s reagent) 
and gave negative biuret and ninhydrin reac- 
tions. 

Results. Oxygen consumption by washed 
cells in absence (endogenous) and in presence 
of either myricyl palmitate or tubercle wax 
are shown in Fig. 1-8. The microorganisms 
tested differed in both rate and extent to which 
they attacked the substrates. Higher endo- 
genous values were observed when cells were 
washed with potassium phosphate buffer than 
with distilled water. 


To determine whether initial metabolic ac- 
tivity of intact cells was due to release of en- 
zyme into the environment, cell free culture 
broths as well as lyophilized cell free culture 
broths were tested. All produced negative re- 
sults. 


Only Candida albicans showed esterase ac- 
tivity with the substrates tested producing a 
QN,, of 92 with myricyl palmitate and 25 with 


tubercle wax. Negative results obtained with 
the other microorganisms tested were not due 
to lack of esterase since extracts of all micro- 
organisms produced positive esterase activity 
against the wax substrates and tributyrin 
(Table I). No esterase activity of cell free 
culture broth could be demonstrated. 


Discussion. Increase in oxygen consump- 
tion of washed suspensions of 8 cultures in 
presence of myricyl palmitate and tubercle 
wax indicated that these microorganisms pos- 
sessed lipolytic enzyme systems capable of de- 
riving energy from wax esters and it appears 
likely that some of these enzymes, presumably 
esterases, are of rather common occurrence. 


TABLE I. Esterase Activity of Crude Cell Ex- 
tracts of Various Microorganisms. 


; oe = 
Tubercle Myrieyl 

Extract souree Tributyrin wax palmitate 
C. albicans 22 22 27 
M. cerolyticus 71 10 27 
M. ureae 17 12 68 
B. macerans 1528 16 21 
A. flavus 396 21 35 
Penicillium sp. 495 3 13 
Gram neg. rod 33 ala 9 
GM1 58 20 36 


Each Warburg vessel contained 1.2 ml of biear- 
bonate buffer pH 7.9 (1 ml in ease of tributyrin), 
substrate and 1 ml of extract. 


a 
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Pronounced lag phase in utilization of sub- 
strates by GM1, Bacillus macerans, and Mi- 
crococcus cerolyticus might suggest that adap- 
tation occurs during this period. However, 
the finding of esterase activity in cell free ex- 
tracts of unadapted cells speaks against this 
possibility. In view of the apparent absence 
of wax esterase in the growth medium it also 
seems unlikely that the lag might have been 
caused by the time required for autolysis to 
liberate esterase. The results are compatible, 
however, with the view that saturation with 
endogenous substrate of the sites of esterase 
or other enzymes further along the chain of 
reactions might have been the cause of the 
observed lag. 

Summary. 1) Various microorganisms were 
studied for ability to metabolize myricyl pal- 
mitate (beeswax), tubercle wax, and tributy- 
rin. All cultures except one produced positive 
results varying only in rate and extent to 
which they attacked these substrates. A pro- 
nounced lag phase in utilization of substrate 
by 3 microorganisms tested was attributed to 
saturation of enzyme sites with endogenous 
substrates. 2) With the exception of Candida 
albicans intact cells did not show esterase ac- 
tivity. However, positive results were ob- 
tained with extracts which suggested that de- 
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esterification was an initial step in utilization 
of waxes as sources of energy for the various 
microorganisms tested. 
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The ability of certain synthetic antioxi- 
dants, notably N,N’-diphenyl-p-phenylenedia- 
mine (DPPD), to delay or prevent appear- 
ance of Vit. E deficiency symptoms, including 
muscular dystrophy and sterility, has been 
demonstrated. This activity generally has been 
attributed to conservation of traces of Vit. E 
present in the lipid portion of diet and in tis- 


* This investigation was supported by grant from 
Muscular Dystrophy Assns. of America. Vitamins 
were kindly supplied by Merck, Sharpe and Dohme, 
Rahway, N. J. 


sues of experimental animals. In conformity 
with this view, Shull and associates(1) found 
that DPPD and other synthetic antioxidants 
delayed but did not prevent eventual occur- 
rence of muscular dystrophy in guinea pigs 
maintained on tocopherol-deficient diet. How- 
ever, experiments with rats(2) showed 
that fertility could be partially restored in 
sterile females even when Vit. E was rigor- 
ously excluded from the regenerative diet. In 
the present study it has been found that 
DPPD has no conservational effect upon Vit. 
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E present in liver and muscle of rabbits and 
rats maintained on tocopherol-deficient diet, 
and that the antioxidant brings about a rapid 
remission of symptoms of muscular dystrophy 
in rabbits fed a diet from which all lipoid ma- 
terials have been removed. 

Procedure. To determine the influence of 
DPPD on rate of depletion of tissue tocopher- 
ols, twenty-two 6-weeks-old rabbits were 
placed on tocopherol-low basal diet of the fol- 
lowing composition: Labco casein 20, Cere- 
lose 20.4, cornstarch 40, molecular-distilled 
lard 10, salts 446(3) 4, cellulose 5, Vit. pre- 
mix(4) 0.5, choline chloride 0.1. Vit. A and 
D were provided at concentrations of 10,000 
1.U. and 1000 I.U./kg of diet, respectively. 
During 2-week preliminary period the diet 
was supplemented with a-tocopheryl acetate 
at 1 g/kg. At this time 4 animals were sacri- 
ficed and the remainder were divided into 2 
groups of 9 each. One group was placed on 
basal tocopherol-low diet; the other received 
the same diet to which DPPD was added at 
0.005%. Additional animals were sacrificed 
from each group at intervals of approximately 
3 weeks. Livers and segments of thigh skele- 
tal muscle were removed and frozen for Vit. E 
analysis. A similar experiment was carried 
out using 30 weanling rats. These animals 
were maintained for 2 weeks on tocopherol- 
low basal diet described elsewhere(4) plus a 
supplement of 30 mg a-tocopheryl acetate/ 
week. Then 6 rats were sacrificed and the re- 
mainder divided into 2 groups which were 
placed on basal diet with or without 0.001% 
DPPD. Additional animals were killed at in- 
tervals for liver and muscle analyses. Livers 
were ground with anhydrous sodium sulfate 
until dry. 10 g muscle samples were freed of 
extraneous connective tissue, ground with 
acid-washed sand and dried with sodium sul- 
fate. The dried samples were placed in Er- 
lenmeyer flasks and extracted with peroxide- 
free ether overnight in mechanical shaker. 
After filtration the ether was removed by 
warming in water bath under jet of nitrogen 
and saponification was carried out in the dark 
in the presence of pyrogallol according to 
slight modification of procedure of Eggitt and 
Ward(5). Sterols were removed from the 
non-saponifiable fraction of liver samples by 


overnight crystallization from ethanol in the 
cold. After evaporating the solvent under 
nitrogen, carotenoids and Vit. A were removed 
from liver extracts by dissolving the residue 
in benzene and passing through a column of 
Floridin XXS previously treated with stan- 
nous chloride in HCl as described by Beck- 
mann(6). Finally, the benzene was evap- 
orated in nitrogen atmosphere and the residue 
dissolved in ethanol for determination of Vit. 
E by the Emmerie-Engel reaction. 5 pg per 
sample could be determined readily by this 
procedure. In accord with the fact that a- 
tocopheryl acetate was the only dietary form 
used, chromatography on paper, using the 
systems of Green et al.(7), failed to detect 
any of the other natural isomers. The cura- 
tive activity of DPPD was tested on dystro- 
phic rabbits maintained on a lipid-free, toco- 
pherol-free diet. Dystrophy was induced by 
feeding the diet of Young and Dinning(8) ex- 
cept that salts 446(3) and a different vitamin 
mixture were used(4). When distinct symp- 
toms appeared, the dystrophic animals were 
placed on basal diet of the following com- 
position: Labco casein 15, sucrose 43.9, corn- 
starch 36, salts 446(3) 4, choline chloride 
0.1, vitamin premix in Cerelose(4) 1. The 
short recovery period required for regenera- 
tion of dystrophic rabbits with Vit. E_ per- 
mits removal of all lipids from the diet with- 
out risking a deficiency of essential fatty acids 
prior to recovery. The presence of 3% cod 
liver oil in the depletion diet also assured an 
adequate storage of Vit. A and D. The fol- 
lowing supplements were administered daily 
to different groups of dystrophic animals: 10 
mg a-tocopheryl acetate; 20 mg DPPD; none. 
The supplements were suspended in 1 ml gly- 
cerol containing 0.01 ml Tween 80. Nega- 
tive controls received the carrier alone. 
Twenty-four hour urine collections were made 
at intervals for determination of total and 
preformed creatinine by modification of the 
method of Hare(9). 

Results. The effect of feeding a Vit. E- 
deficient diet on tocopherol levels in tissues 
of rabbits and rats, and the influence of 
DPPD, are illustrated in Fig. 1. DPPD ef- 
fected no conservation of Vit. E in tissues of 
either species, and such an effect does not, 
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FIG. 1. Influence of DPPD on a-tocopherol con- 
centration in tissues of rabbits and rats fed a Vit. 
E-deficient diet. 


therefore, account for its ability to replace the 
vitamin in the diet. It is also noteworthy 
that the tocopherol level of skeletal muscle of 
rabbit is apparently unaffected by dietary de- 
pletion. This observation is in accord with 
that of Blaxter(10) who found that Vit. E 
content of muscle of dystrophic calves was at 
least as great as that of normal animals. The 
small decline noted in rat muscle tocopherol 
is of doubtful significance. It appears that 
the turnover of tocopherol in skeletal muscle 
of both species is exceedingly slow, and that 
after a period of relatively rapid depletion of 
“labile” tocopherol in the liver, the concentra- 
tion in this organ also reaches a plateau which 
is maintained for extended periods. The rats 
made good growth during experiment while 
rabbits exhibited the customary slow gains ob- 
served with purified diets. Histological exam- 
ination of skeletal muscle of rabbits main- 
tained on basal diet for 10 weeks revealed evi- 
dence of mild dystrophy. Muscular degen- 
eration on this diet requires a much longer 
period of depletion than is required when 
high levels of unsaturated fatty acids are in- 
gested. 

Five dystrophic rabbits maintained on li- 
pid-free diet and treated with 20 mg DPPD 
daily showed symptomatic evidence of im- 
provement in 2 to 3 days and a disappearance 
of symptoms in 5 to 6 days. These animals 
also underwent a remission of creatinuria, as 
indicated by creatine:creatinine ratios which 
declined from pretreatment range of 2.21-£.01 
to 0.09-0.42 after treatment for 5 days. This 


group was continued on DPPD supplementa- 
tion for 15 days, during which time growth was 
resumed and condition of the animals mark- 
edly improved. Terminal urine collections 
yielded creatine:creatinine ratios of 0.12-0.33. 
The condition of 3 control animals given 
Tween-glycerol carrier, deteriorated rapidly 
and they succumbed in 4 to 8 days. Three 
dystrophic animals treated with Vit. E. re- 
covered in a manner similar to that described 
for the DPPD treatment. 


These results demonstrate that DPPD pos- 
sesses curative activity with respect to mus- 
cular dystrophy that is independent of the 
presence of Vit. E in the diet. Earlier obser- 
vations(2) indicating that DPPD is also ac- 
tive in rehabilitation of sterile female rats 
have been confirmed in more recent experi- 
ments. Partial regeneration was obtained fol- 
lowing administration of 0.005% DPPD in 
Vit. E-free diet in which a high-purity methyl 
linoleate-urea complex(11) served as the 
source of essential fatty acids and fat-soluble 
vitamins were provided in the crystalline state. 
Reproductive performance of rats fed DPPD 
is always inferior to that observed using Vit. 
E, however, owing to the high order of toxi- 
city of the synthetic compound for pregnant 
females. 

These findings support the view that bio- 
logical activity of the tocopherols with respect 
to muscular dystrophy is associated with their 
antioxygenic potency, and are in accord with 
known activity of a-tocopherylhydroquinone 
and a-tocopherylquinone. The efficacy of 
DPPD with respect to rat sterility is, how- 
ever, in contrast to the reported inactivity of 
these oxidation products of a-tocopherol, and 
implies that this syndrome is also a conse- 
quence of an inadequacy of suitable antioxy- 
genic compounds. Moreover, the hydroquin- 
one has been reported to have activity com- 
parable to a-tocopheryl acetate in reversing 
testicular damage in Vit. E deficient hamsters 
(12). It is of interest that antioxygenic po- 
tencies of a- B- and y-tocopherols, as deter- 
mined in storage tests conducted at tempera- 
tures near the physiological range using caro- 
tene and ethyl oleate, are in the same order 
as their biological activities(13). 

Tests of ability of DPPD to reactivate iso- 
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octane-extracted DPNH-cytochrome c reduc- 
tase in the Keilin-Hartree heart muscle prepa- 
ration have confirmed the finding of Nason 
and Lehman(14) that this antioxidant is in- 
effective in replacing a-tocopherol. However, 
serum albumin was found to be an unsatisfac- 
tory agent for suspending DPPD in this sys- 
tem and other materials are being investi- 
gated. 

Curative activity of DPPD with respect to 
muscular dystrophy in the rabbit is in con- 
trast to its reported inability to prevent hy- 
percholesterolemia and muscular degenera- 
tion in guinea pigs fed a tocopherol-low diet 
(15). An explanation of this apparent dis- 
crepancy must await further investigation. 

Summary. Administration of DPPD to 
growing rabbits and rats fed a Vit. E-low diet 
does not modify rate of depletion of vitamin 
from the liver. Tocopherol content of skeletal 
muscle was essentially unaffected by dietary 
restriction. DPPD was as effective as a-toco- 
pherol, at level administered, in bringing 
about a remission of muscular dystrophy and 
creatinuria in rabbits maintained on diet de- 
void of tocopherols. Ability of DPPD to par- 
tially regenerate sterile female rats main- 
tained on Vit. E-free diet was confirmed. 
These findings indicate that the effectiveness 
of DPPD as a substitute for Vit. E is not due 
to conservation of the vitamin in tissues or to 


the presence of residual tocopherols in the 
diet. 
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Conversion of Serotonin (5-Hydroxytryptamine) to 5-Hydroxyindoleacetic 


Acid by Rabbit Blood. 


(24486) 


T. Poitiip WAALKES* AND HARRIETTE CopuURN (Introduced by M. B. Shimkin) 
Section of General Medicine, Nat. Heart Inst., Nat. Inst. of Health, P.H.S., Bethesda, Md. 


Serotonin (5-hydroxytryptamine) is  oxi- 
dized to 5-hydroxyindoleacetic acid (5-HIAA) 
in animals and man(1). The latter compound 
is excreted in the urine. The catalyst for oxi- 
dation of serotonin is thought to be monamine 
oxidase. Although many tissues contain this 
enzyme, liver is usually the most active source. 
Werle and Roewer(2) have reported an amine 
oxidase present in dog blood. In other species, 

* Present address: Nat. Cancer Inst., N.LH., Beth- 
esda, Md. 


however, blood has been considered to be lack- 
ing in this enzyme activity(3). Tabor e¢ al. 
(4) found an amine oxidase in beef plasma, 
but substrate and inhibition specificities dif- 
fered markedly from those described for the 
monamine oxidase in liver. Reserpine causes 
a release of serotonin and histamine from 
platelets in vivo(5). In vitro studies have 
shown that incubation of reserpine with rabbit 
platelets suspended in plasma also liberates 
serotonin and histamine. However, after in- 
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FIG, 1. Activation and fluorescence spectra in 


strong acid for 5-HIAA from (A) 3 ml of plasma 

after incubation of whole blood with reserpine, 

(B) 5 y of authentic 5-HIAA, (C) 3 ml of control 
plasma, and (D) blank. 


cubation of reserpine with rabbit whole blood, 
histamine was increased in the plasma, but 
serotonin was not.t Subsequent investigation 
has shown that serotonin is oxidized to 5- 
HIAA in presence of rabbit blood. 


Material and methods. Blood was obtained 
from rabbits by cardiac puncture. All glass- 
ware used in handling blood or platelets was 
siliconized. The anticoagulant was disodium 
ethylenediaminetetraacetate (EDTA), 10% 
by volume of 1% solution in n-saline. Plate- 
let rich plasma was obtained by the method of 
Dillard et al.(6). Red blood cells, suspended 
at bottom of centrifuge tube after complete 
removal of platelet layer by suction, were used 
for red blood cell studies. Although reduced 
in number, white blood cells, as shown by 
smear, were still present. Serotonin and his- 
tamine were determined following procedure 


TABLE I. 
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of Weissbach et al.(7). By this method, both 
total 5-hydroxyindole compounds and _ also 
serotonin can be measured in the same blood 
or tissue aliquot. The 5-HIAA in plasma was 
assayed by modification of colorimetric 
method of Udenfriend et al.(1) for urine. The 
5-HIAA was determined by measuring its 
fluorescence in 1 ml of phosphate buffer (pH 
7) or after addition of strong acid to the 
buffer. Activation wavelength for 5-HIAA in 
both solutions is 300 mp» but the fluorescence 
wavelength in neutral or weakly acid solution 
is 350 mu» and in strongly acid solution is 540 
my. In neutral or weakly acid solutions fluor- 
escence is greater but less specific, with biolo- 
gic materials, than when strong acid is used. 
In plasma, other material was found to fluor- 
esce near 350 mp at pH 7; at 540 my no in- 
terfering substance was apparent (Fig. 1). 
For all determinations of 5-HIAA in this 
study fluorescence was measured in strong 
acid at 540 mp». Serotonin, as much as 100y, 
did not produce a significant reading when 
assayed by the procedure for 5-HIAA. 
Results. 1. Incubation of rabbit whole 
blood with reserpine. For experimental sam- 
ples, 6 ml of blood were mixed with reserpine 
solution (20y/ml in 5% dextrose in water) to 
make final dilution 0.3y/ml; control samples 
were diluted with the same volume of 5% 
dextrose in water. After incubation at 37°C, 
whole blood determinations were done for to- 
tal 5-hydroxyindoles, serotonin and histamine. 


Total 5-Hydroxyindoles, Serotonin, and Histamine after Incubation of Rabbit 


Blood with Reserpine. 


Whole blood (y/ml) 


-—— 5-Hydroxyindole compounds——_, Histamine 
Incubation Control Exp. Control Exp. 
time (hr) Total Serotonin Total Serotonin 
3.0 3.1 3.2 3.0 2.8 2.0 2.0 
4.2 4.3 4.1 3.8 2.2 2.1 
3.5 4,1 4.0 4.0 3.5 1.2 1.2 
5.2 5.3 4.6 4.4 1.5 ity 
4.0 3.5 3.6 3.1 2.8 2 2.0 
4.5 4.0 4.3 3.5 3.1 1.2 1.2 
4,1 4.) 3.5 2.4 1.6 1.5 
5.0 4.6 4.8 3.7 2.9 3.1 3.0 
4.5 4.5 3.5 2.3 3.0 2.7 
16.0 5.0 5.0 3.8 2 3.7 3.4 
4.5 4.2 a0 a 2.1 1.8 
4.5 4.2 3.3 A) 3.0) 2.7 
4.2 4.0 3.4 8 2.1 2.4 


+ Unpublished observations. 
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TABLE II. Plasma 5-HIAA and Serotonin 


CONVERSION OF SEROTONIN TO 5-HIAA 


after Incubation of Rabbit Whole Blood with Re- 
serpine. 


Re ee ee.  ——e ee 
————————————————————————————————————————————————————————__ EEE 


5-HIAA (y/ml) 


=== Serotonin (7/7) 


Tneubation Plasma Plasma Whole blood 
time (hr) Control Exp. Control Exp. Control Exp. 

5.0 Be 1.4 2 ay 6.0 Sys 

2 1.9 nl all 5.8 Bro. 

ik Hh a Al 3D) 1.8 

al 1.2 2 PA 5.0 Dit. 

16.0 2 1.8 2 al 4.7 4 

Ay OAS: alt ia) 3.3 4 

“3 4.2 al Al 4.8 9 

2 2D) at wl 2.4 4 


The results (Table I) show that amount of 
histamine/ml of blood was the same in con- 
trol and experimental blood after incubation. 
However, the amount of serotonin in experi- 
mental blood was less than that in the control 
samples. The greatest difference was noted 
after 16 hours. Total 5-hydroxyindoles de- 
creased slightly. Plasma content of serotonin 
was essentially the same in control and experi- 
mental samples (Table II). The evidence 
suggested that serotonin was liberated during 
incubation with reserpine and was converted 
to some other 5-hydroxyindole compound. 
When air over the blood was displaced by 
nitrogen, no change in final result was noted. 

2. Assay for serotonin and 5-HIAA. Whole 
blood and plasma serotonin were determined, 
and in addition, plasma 5-HIAA. No 5- 
HIAA or other 5-hydroxyindole compounds 
except serotonin have been found in normal 
rabbit blood(8). The results given in Table IT 
show that serotonin must be released and con- 
verted to 5-HIAA or a 5-HIAA-like com- 
pound. When whole blood was also incubated 
with serotonin (Sy/ml), with and without 
reserpine, for 5 hours, 5-HIAA was found in 
the plasma. 

3. Identification of 5-HIAA. Fig. 1 gives 
fluorescence characteristics of authentic 5- 
HIAA, run through assay procedure, and of 
that isolated from plasma. The plasma from 
10 ml of whole blood, incubated 5 hours with 
1 mg of serotonin, was treated as for the 5- 
HIAA assay. However, the ether used for ex- 
traction was evaporated to a small volume and 
transferred to Whatman #1 paper for chro- 
matography. The developing solvent was n- 
propanol 1 N amonia (5:1). After drying 


and spraying with 0.1 N HCl, pink fluores- 
cent spots under ultraviolet light were seen for 
authentic 5-HIAA at R, 0.21, for the experi- 
mental sample at R; 0.22, and for standard 
serotonin at R; 0.57. Ehrlich’s reagent pro- 
duced a blue green spot at R; 0.21 for au- 
thentic 5-HIAA and at R; 0.22 for the com- 
pound isolated from blood. 

4. Part of blood responsible for oxidation. 
Platelets broken by shaking with water, nor- 
mal rabbit plasma, and plasma from blood 
warmed with reserpine at 37°C for 12 hours 
were incubated as previously described(9) to 
determine presence of monamine oxidase ac- 
tivity. After 2 hours, the mixtures were as- 
sayed for serotonin and 5-HIAA. No conver- 
sion to 5-HIAA was found. Serotonin (2y/ 
ml) in n-saline adjusted to pH 7 with phos- 
phate buffer and incubated, with or without 
reserpine, for as long as 12 hours, showed es- 
sentially no change in serotonin content. 
When serotonin, and histamine, were added to 
normal rabbit plasma, and incubated at 37°C 
12 hours, destruction of both serotonin and 
histamine occurred (Table III). However, no 
conversion of serotonin to 5-HIAA was found 
by comparing amount of total 5-hydroxyin- 
doles with the amount of serotonin present. 
Reserpine had no apparent effect on this reac- 
tion. When 5-HIAA was incubated with 
plasma for periods to 8 hours, no destruction 
of the acid was noted. Platelet rich plasma, 
incubated with serotonin 3 to 5 hours, with 
or without reserpine, did not yield 5-HIAA. 
Upon incubation of the red blood cell layer, 
obtained by differential centrifugation of 
blood, with serotonin (5y/ml in n-saline) for 
3 hours at 37°C in Dubnoff shaker, 5-HIAA 
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TABLE III, Incubation of Serotonin and Histamine with Normal Rabbit Plasma; Effect of 
Reserpine.* 


Plasma (y/m1) 


Total 
5-hydroxyindoles Serotonin Histamine 

Ineubation ———— —~{ -— ——__—, _ ———, 
time (hr) Reserpine Control Reserpine Control Reserpine Control 

0 3.6 3.6 3.7 3.6 3.1 3.0 

3.3 3.4 3.6 3.4 2.5 2.6 

2.7 2.7 2.6 2.5 WAS) 1.7 

6 2.0 1:9 2.1 2.2 1.6 1.5 

12 6 7 if 6 8 “ff 


* 3 y/ml of plasma. 


was found in the plasma. Addition of reser- 
pine did not alter amount of final acid to any 
extent. 

5. Marsilid (1-isonicotinyl 2-isopropyl hy- 
drazide) in vivo. Marsilid is a potent inhibi- 
tor of monamine oxidase activity in vitro and 
im vivo(10). Blood was obtained from 3 rab- 
bits before and 2 hours after being given 200 
mg/kg of marsilid intraperitoneally. Blood 
was incubated with reserpine 5 hours, as be- 
fore, and plasma analyzed for 5-HIAA and 
serotonin. The results for those samples 
drawn before marsilid injection were similar 
to results given in Table II. However, for 
those samples drawn after marsilid injection, 
control and experimental plasmas had the 
same average amount, 0.2y/ml, of 5-HIAA, 
while average amount of serotonin in experi- 
mental plasmas was 1.0y7/ml and in control 
plasmas was 0.ly/ml. These results indicate 
that serotonin was released by reserpine but 
not converted to 5-HIAA in the blood after 
marsilid treatment. 


Discussion. In the present study, free sero- 
tonin was metabolized by rabbit whole blood. 
The product was thought to be 5-HIAA as 
shown by paper chromatography and by its 
fluorescence characteristics. Platelets did not 
oxidize serotonin to 5-HIAA. Both serotonin 
and histamine were destroyed slowly by nor- 
mal rabbit plasma. However, serotonin was 
not converted to 5-HIAA by the plasma. Nor- 
mal blood plasma has been stated to have an 
extremely low diamine oxidase activity(11), 
and diamine oxidase has been reported to at- 
tack monamines(12). 

Serotonin, added to red blood cells sepa- 
rated by differential centrifugation from 
platelets, was converted, in part, to 5-HIAA. 


The red cell suspension was not entirely free 
of white blood cells. Consequently, red, or 
possibly white, blood cells must be involved 
in conversion of serotonin to 5-HIAA. Blood 
from rabbits pretreated with marsilid did not 
oxidize serotonin to 5-HIAA. The evidence 
suggested that the red blood cell, or possibly 
the white cell, contains an amine oxidase. 
Further evidence that the enzyme was prob- 
ably a monamine oxidase was given by the 
fact that histamine was not destroyed in rab- 
bit whole blood. Reserpine, except for its 
ability to release serotonin from platelets to 
be acted upon by the oxidative system did not 
appear to effect the conversion. The signifi- 
cance of a monamine oxidase in the cellular 
elements of blood is not known. 

Summary. Free serotonin, in the presence 
of rabbit whole blood, is oxidized to 5-HIAA. 
The latter was identified by paper chroma- 
tography and by its fluorescence characteris- 
tics. Platelets or plasma do not produce the 
reaction. Evidence is presented that red 
blood cells, or possibly the white cells, are 
factors in the conversion of serotonin to 5- 
HIAA. 
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Fluid and Electrolyte Movement Across Intestinal Wall of Bullfrog. (24487) 


Davip CHALFIN,* I. L. CoopERSTEIN AND C. AprIAN M. HocsBent 
(Introduced by R. W. Berliner) 
National Heart Inst., Bethesda, Md. 


While normal movement of fluid and elec- 
trolyte across intestinal wall is one of net ab- 
sorption, experimental circumstances, both im 
vitro as well as in vivo, frequently do not re- 
sult in absorption. The following results in- 
dicate that sacs of bullfrog intestine do absorb 
saline and establish concomitant gradients of 
chloride and bicarbonate ion. 


Methods. Large bullfrogs (Rana cates- 
biana) were maintained in a state of pseuda- 
hibernation at 12°C. Sacs of mid-small in- 
testine (jejunum) were formed by taking seg- 
ments 2-3 cm in length from the pithed frog 
and tying each end. The large intestine was 
tied at the ends to form a sac. In half of the 
experiments, normal orientation of the sac 
wall was retained with mucosal surface bound- 
ing the lumen. The remainder of the sacs 
were formed after first everting the intestinal 
tube. The lumen of the everted sacs was 
thus bounded by the serosal surface. The sacs 
were incubated at room temperature (24°C) 
in 5 ml of a salt solution, pH 7.4, containing 
87 mM NaCl, 20 mM NaHCOs, 2.5 mM KCl, 
1.25 mM CaCl, 0.5 mM MgSQ,, 1.33 mM 
NasHPO,, 0.33 mM NaH»PO, and 5 mM 
glucose/liter. About 0.3-1.3 ml of the same 
solution was placed inside each sac. 95% Oy 
and 5% COs was bubbled through Dubnoff 
shaker during experimental period of 4-6 
hours. Water movement was measured by 
weighing the sacs at time “zero” (after 10-15 
minute equilibration period) and at end of 


* Postdoctoral Fellow, U.S.P.H.S. 
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experiment, 4-6 hours later. Adherent water 
was removed from the sacs prior to weighing 
by rolling them on a dry glass surface. This 
resulted in a uniform stable weight. ‘‘Drying” 
the intestinal sacs by blotting them on a va- 
riety of papers did not result in a reproducible 
weight. Successive drying on filter paper was 
accompanied by small progressive decrease in 
weight. In early experiments, radio-inulin 
(C™) was incorporated in the solution placed 
inside the sacs. Radio-inulin concentration 
within the sacs as well as in the bathing solu- 
tion was determined(1) at end of experiment. 
The change of concentration of radio-inulin 
in the solution within the lumen of the nor- 
mally oriented sacs indicated that weight 
change did measure net movement of water 
across intestinal wall. The bicarbonate con- 
centration of inner contents of sacs was meas- 
ured by back-titration, with NaOH, of an 
added volume of a standard HCl solution. 
Chloride concentrations of inner contents were 
determined by coulometric - amperometric 
method of Cotlove, et al.(2). 

Results. The tabulated results indicate 
that there is a net movement, corresponding 
to absorption, of both water and electrolyte 
across wall of the normally oriented and 
everted sacs of small and large intestine. 

Use of the everted sac has been favored in 
the study of isolated mammalian intestine be- 
cause of the presumed better oxygenation of 
the epithelial surface(3). In our experiments, 
there was a significantly greater movement of 
water across the wall of the everted sac than 
across that of normally oriented sacs. How- 
ever, while there was no movement of radio- 
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TABLE I, 


Cone, 
change, 


meq/ 


Cone. 
change, 
meq/| 


Net 
movement* 


Net 
movement * 


Small intestine 


Normal saes (12) Everted saes (9) 


H,O —8.0 +2.0 +32.0 +5.0 
Cr —19+ 4 =201 + 14+ .5 +6.5 
HCO-’ 41.3418 +48 
Large intestine 

Normal saes (10) Eyerted sacs (10) 
H.O — 4+ .1 + 5.0 +1.0 
Cl —Ti+= 2 -220 + 5+ .06 +6.6 
Rise ese KEY ote Oe 2. +4 


* Net movement into or out of the sae for H,O 
in pl and for ions in yeg/hr/100 mg wet wt of tis- 
sue. 

+ signifies stand. error, and figure in parenthesis 
No. of experiments. 


inulin out of the normal sacs, there was a de- 
cided loss of radio-inulin from the everted 
sacs of small intestine. In 8 experiments, 
mean internal radio-inulin content decreased 
due to diffusion by 15.6% and 1.1% in the 
everted sacs of small and large intestine, re- 
spectively. Thus, a rapid transfer of water 
occurred in spite of an unusual permeability 
to a relatively large molecule, radio-inulin. 
It is not known whether the greater transfer 
of water resulted from the more efficient oxy- 
genation of epithelial cells or from a more 
rapid hydraulic flow through larger pores. 

Presumably the escape of inulin out of the 
everted sacs is an experimental artifact which 
could have resulted from either excessive 
stretching during eversion or from the physi- 
cal trauma associated with rocking the small 
sacs within 10 ml breakers. In the mam- 
malian small intestine impermeability to ra- 
dio-inulin has been clearly demonstrated. 

The difference between everted and normal 
sacs is also evident in concentration changes 
developed. These were less in the everted 
sacs. 

It is noteworthy that in 6 experiments the 
transfer of water was not affected by absence 
of glucose from the solution within and with- 
out the sacs. This is in agreement with the 
finding of Lifson and Parsons(5) that glu- 
cose transport was not a necessary prerequi- 
site for water transport by the isolated rat in- 
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testine, even though exogenous glucose utiliza- 
tion was necessary. 

While ionic absorption by the canine je- 
junum has been considered to be a relatively 
inefficient process(6), absorption from the 
normally oriented bullfrog jejunal sacs re- 
sulted in an appreciable concentration gradi- 
ent of chloride. Under comparable conditions 
the electrical potential across the small intes- 
tine is close to zero(unpublished). The ac- 
cumulation of bicarbonate within the lumen 
of normally oriented small intestine sacs of 
the frog is similar to the transfer occurring in 
the hamster(7). In contrast, bicarbonate is 
depleted at the mucosal surface in normal 
man, intact dog(8) and the isolated rat small 
intestine(7). 

The transfer of chloride by the normally 
oriented large intestine sacs of the frog cre- 
ated a striking concentration gradient for 
chloride. In the case of bullfrog large intes- 
tine there was also a depletion of bicarbonate 
at the mucosal surface. While this would be 
expected in view of the electrical potential dif- 
ference developed by active sodium transport 
across the isolated bullfrog large intestine mu- 
cosa(9), it contrasts sharply with bicarbonate 
accumulation that occurs in large volumes of 
saline placed in the colon of man and dog(10). 
In the one instance where sufficiently fluid 
contents could be aspirated from the colon of 
a freshly killed bullfrog, the pH was 7.41. 

Summary. 1) Isolated sacs of small and 
large intestine of the bullfrog incubated at 
room temperature, transfer water and elec- 
trolyte from mucosa to serosa. The transfer 
of chloride results not only in a net movement 
but also in creation of concentration gradients 
which are pronounced in the case of both 
small and large intestine. There is an in- 
crease in bicarbonate concentratiion at the 
mucosal surface of the small intestine and a 
decrease in bicarbonate concentration at the 
mucosal surface of the large intestine. 2) 
Eversion of the intestines resulted in sacs that 
were significantly permeable to radio-inulin. 
Associated with this abnormal permeability, 
there is a greater transfer of water and smaller 
ionic concentration gradients develop. 
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“Dopa Oxidase” in Melanocytes of X-Irradiated Quiescent (Telogen) 


Hair Follicles. 


(24488 ) 


WatTER C. QuEVEDO, JR. AND JAMES E. IsHERWoop (Introduced by L. C. Strong) 
Biological Station, Roswell Park Memorial Inst., Springville, N. Y. 


Melanocytes within growing hair follicles of 
pigmented mice contain melanin granules and 
active “dopa oxidase.” In the presence of 
dihydroxyphenylalanine (dopa) in vitro, they 
form abundant dopa-melanin(1). On _ the 
other hand, melanocytes of quiescent (telo- 
gen) hair follicles in pigmented mice gener- 
ally are unpigmented and are dopa negative 
(1). Thus, it has not been possible to iden- 
tify melanocytes with certainty at resting 
stage of hair growth cycle. Although X-radia- 
tion has been shown, under certain conditions, 
to stimulate melanogenic activity within latent 
melanocytes of the epidermis, there is no re- 
port of a similar effect on latent melanocytes 
within quiescent hair follicles. Previous 
studies have shown that repeated partial- 
body exposure of mice to 200 r/week of X- 
radiation is particularly effective in eliciting 
epidermal hyperpigmentation(2). Utilizing 
similar technics in the present study, mice 
with quiescent hair follicles were exposed 
weekly to X-radiation. The purpose was 2- 
fold; first, to determine whether “dopa oxi- 
dase” activity could be demonstrated in latent 
follicular melanocytes following X-irradia- 
tion; second, to characterize more fully the 
distribution of melanocytes within telogen 
hair follicles. 

Materials and methods. Eight C3H mice 
(4 males, 4 females), 4 to 8 months of age, 
were shielded with lead, except for small rec- 


tangular area (1.5 x 2.0 cm) on the dorsum, 
and exposed to 200 r of X-rays once weekly 
for 3 or 4 weeks. The radiation factors were: 
100 kv, 5.-ma, 0.25-mm Al, HVL-0.55 mm Al, 
target distance, 15 cm, and dose rate, 580 
r/minute. The design of the lead shield en- 
sured irradiation of essentially the same area 
of skin each week. At start of irradiation, 
hair follicles of all mice were quiescent (telo- 
gen stage) as indicated by light pink color 
and thinness of skin(3,4). Subsequently, 
gross examinations of skin of each mouse 
were made at frequent intervals to detect al- 
terations in hair growth status. The mice 
were killed by cervical dislocation 24 hours 
after last exposure to radiation. Specimens 
of skin were removed from both irradiated 
and non-irradiated regions of the dorsum and 
tested for “dopa oxidase” activity according 
to the method of Becker(5). The specimens 
were then dehydrated in dioxane and im- 
bedded in paraffin; sections were cut at 8 p» 
and stained with Mayer’s alcoholic carmine. 
Skin samples from 4 non-irradiated C3H mice 
with quiescent hair were tested for “dopa oxi- 
dase” activity in a similar manner. 

Results. Due to lack of pigmentation, 
melanocytes could not be identified in quies- 
cent hair follicles of non-irradiated mice, al- 
though pigmentary debris was frequently ob- 
served. ‘Dopa oxidase” activity was also ab- 
sent in melanocytes of non-irradiated telogen 
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absence of dopa reactive cells. 450. 
FIG. 2. 


if e 5 


FIG. 1. Non-irradiated telogen hair follicle following treatment with dopa reagent. Note 


X-irradiated telogen hair follicle following incubation in dopa reagent. Two dopa 


reactive dendritic melanocytes are evident in the epithelial germ region. 450. 
Key: ¢ = hair club; g = epithelial germ; p = dermal papilla; m = melanocyte. 


hair follicles; no specific cellular darkening 
was observed following treatment with dopa 
reagent (Fig. 1). In 5 of 8 irradiated mice 
the hair follicles in exposed areas of skin re- 
mained quiescent throughout 3 or 4 week pe- 
riod of irradiation. There was no indication 
of epilation to gross inspection. In cases 
where growing hair was observed in the ir- 
radiated regions it was apparently associated 
with normal waves of hair growth rather than 
elicited by the radiation process. In contrast 
to non-irradiated quiescent hair follicles, telo- 
gen hair follicles in exposed areas of all 5 
irradiated mice contained dopa reactive den- 
dritic cells in region of hair germ, indicative 
of the presence of ‘dopa oxidase” (Fig. 2). 
The dendritic processes of intensely pigmented 
melanocytes were insinuated between non-re- 
active epithelial cells of the germ region. No 
dopa reactive cells were observed in dermal 
papilla (Fig. 2). Hair follicles from shielded 
regions of irradiated mice contained no dopa 
reactive cells, with the exception of a few hair 
follicles. close to the border of the shielded 
areas where slight overlapping may have oc- 
curred during the repeated exposure to radia- 


tion. 
Discussion. It has been reported previously 


that ‘dopa oxidase” activity is absent in 
melanocytes of telogen hair follicles(1). The 
results of our study confirm this observation 
and further demonstrate that “dopa oxidase” 
activity may be released by X-irradiation of 
quiescent hair follicles. The chemical nature 
of radiation-sensitive anti-melanogenic factor 
in telogen hair follicles of mice is as yet un- 
characterized. It has been shown, in other 
species, that sulfhydryl compounds inhibit 
melanogenesis in skin and that the inhibitory 
effect is lost following treatment with ultra- 
violet ray3(6). Whatever its nature, during 
normal hair growth cycles, the inhibitory fac- 
tor must be lost shortly after new hair growth 
starts since follicular melanocytes then syn- 
thesize pigment granules and react positively 
toward dopa reagent(1). 

The fate of melanocytes in telogen hair fol- 
licles of mammals is controversial, in large 
part due to difficulty of identifying melano- 
cytes during this stage of hair growth activ- 
ity. Thus, it has been suggested that at telo- 
gen stage melanocytes are localized in the epi- 
thelial germ regions of hair follicles in mice 
and rats(7,8) and in dermal papillae of hu- 
mans and dogs(9,10). In our study the ob- 
servation that dopa reactive dendritic cells 
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were restricted to the epithelial germ regions 
of X-irradiated telogen hair follicles in mice 
supports the former view. Although it is 
quite possible that species differences exist in 
this regard, radiation technics utilized in our 
work afford a means for critical analysis of 
these apparently discordant viewpoints. 
Summary. ‘‘Dopa oxidase” activity was ab- 
sent in melanocytes of telogen hair follicles of 
non-irradiated mice. Following partial-body 
exposure to 200 r/week of X-radiation for 3 
or 4 weeks, numerous dopa reactive dendritic 
cells were observed in the epithelial germ re- 
gions of irradiated quiescent hair follicles. 
Cells of the dermal papillae in irradiated and 
non-irradiated telogen hair follicles failed to 
exhibit “dopa oxidase” activity. The results 
thus support the view that melanocytes nor- 
mally are restricted to the epithelial germ re- 
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gions of hair follicles during telogen stage of 


hair growth cycle. 
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Rabbit Endometrial Response to Intravenously Administered Progesterone. 


(24489) 


ARTHUR L. HASKINS AND JAMES T. LEONG 
University of Maryland, School of Medicine, Baltimore 


Spectrophotometric observations concerned 
with intravenously administered progesterone 
have revealed rapid clearance of the hormone 
from the ether soluble fraction of rabbit and 
human blood serum(1,2). The results were 
constant whether the vehicle in which proges- 
terone was administered was saline, ethanol, 
propylene glycol or a mixture of ethyl carba- 
mide, ethyl urethane and propylene glycol.* 
It has been suggested that disappearance of 
progesterone from the ether soluble fraction 
of blood serum resulted from tissue storage of 
this substance and continuing biological ac- 
tivity potential. It is, however, equally pos- 
sible that rapid clearance of progesterone 
from blood serum resulted from rapid meta- 
bolism of the hormone. These experiments 
were planned to establish the biologic effec- 


* Progesterone dissolved in ethyl carbamide, ethyl 
urethane and propylene glycol was generously sup- 
plied by Schering, A. G. of Berlin, Germany as 
PROLUTON LV. 


tiveness of intravenous progesterone. Dura- 
tion and intensity of tissue response to intra- 
venous progesterone would indicate degree of 
storage and rate of destruction of the hor- 
mone. 

Methods. Immature female rabbits, aver- 
age weight 1200 g, were injected with 100 I.U. 
of estrogenic substance a day for 6 days.t 
Twenty-four hours after last injection of es- 
trogen, intravenous progesterone as Proluton 
I. V., was administered into marginal ear vein 
of the rabbit. Twenty-four to 168 hours fol- 
lowing intravenous injection, the rabbits were 
sacrificed. Ovaries were inspected and biop- 
sied for evidence of activity. Uteri were re- 
moved and portions prepared for microscopic 
study. The Corner-Allen(3) progestational 
proliferation response and endometrial epi- 
thelial mitotic counts were utilized as evi- 
dence of luteoid activity within the endo- 


t The estrogenic substance was generously supplied 
by Parke-Davis as THEELIN. 
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FIG. 1. Epithelial mitotic figure count per total cross section of the rabbit endometrium at 


48 hr after a single intrav. inj. of progesterone. 
Epithelial mitotic figure count per total cross section of rabbit uterus induced by 


FIG. 2. 
single intray. inj. of progesterone. 


FIG. 3. Comparison of Corner-Allen progestational proliferation induced in rabbit uterus by 
single intramuse. and intray. inj. of progesterone; 48 hr after administration. 
FIG. 4. Comparison of Corner-Allen progestational proliferation induced in rabbit uterus by 


single intrauterine and intrav. inj. of progesterone; 


metrium. Proliferation responses were re- 
corded from 1+ to 4+. Mitotic counts are 
listed as total counts/cross section. 

Results. Previous studies have shown that 
intravenous dose of 25 mg of progesterone, in 
rabbits of the size used, will produce satura- 
tion of rabbit blood serum with the hormone 
(2). The saturation concentration of 30 pg 
of progesterone/ml of blood serum is greater 
than the physiologic level of the hormone in 
the rabbit. Consequently, smaller than satu- 
ration doses of progesterone were adminis- 
tered in early phases of the study. Doses of 
1 mg, 2 mg, and 5 mg produced no evidence 
of progestational activity either when judged 
by the Corner-Allen progestational prolifera- 
tion index or the more sensitive epithelial mi- 
totic count. 

Total dosage levels of 6.25 mg, 12.5 mg and 
25 mg of progesterone were used. Mitotic 
counts observed in animals receiving these 


48 hr after administration. 


dosage levels are shown in Fig. 1. The maxi- 
mum mitotic figure count is obtained with 
12.5 mg of progesterone. Doubling of this to 
the saturation dose makes no apparent dif- 
ference in total mitotic figure counts. Injec- 
tion of 6.25 mg of progesterone yields a mini- 
mum epithelial mitotic count. 

The Corner-Allen progestational prolifera- 
tion response of 32 test animals with satura- 
tion dose of 25 mg of intravenous progesterone 
was noted. The maximum observed response 
of 1+ progestational proliferation became ap- 
parent 48 hours after injection and remained 
so through 144 hours after injection. At 168 
hours following intravenous administration of 
progesterone, the endometrium had returned 
to a resting state. 

Mitotic figure counts in the same group of 
animals are illustrated in Fig. 2. The first 
evidence of increased endometrial mitotic ac- 
tivity was found at 36 hours after injection. 
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Maximum activity was found at 48 hours after 
intravenous injection with a gradual return to 
control levels at 96 hours after intravenous 
injection of progesterone. 


In Fig. 3 progestational proliferation in- 
duced by single intramuscular injection of 
progesterone(4) is compared to proliferation 
following intravenous progesterone. These 
comparisons are at 48 hours after administra- 
tion of the hormone. Saturation doses of in- 
travenous progesterone are incapable of pro- 
ducing progestational proliferation of rabbit 
endometrium to a degree obtained with lesser 
amounts of intramuscular progesterone. 
Twenty-five mg doses of intravenous proges- 
terone were capable of inducing an average 
progestational proliferation response in 6 ani- 
mals to slightly above 1+. Five mg of intra- 
muscular progesterone produced an average 
progestational proliferation response in the 
rabbit uterus of 2+ at 48 hours. 


A final comparison of the efficacy of intra- 
venous progesterone on rabbit endometrium 
utilizing the Corner-Allen progestational pro- 
liferation index is shown in Fig. 4. Here the 
effectiveness of intrauterine progesterone as 
compared to intravenous progesterone is 
shown. It was necessary to administer a 
saturation dose of 25 mg of intravenous pro- 
gesterone to obtain the same progestational 
proliferation response to 1+ as found with 
0.1 wg of intrauterine progesterone. It should 
be noted that maximum progestational prolif- 
eration of 4+ is rarely obtained with even 
larger doses of progesterone at 48 hours. AI- 
though the epithelial mitotic count is maxi- 
mum at this point, the progestational prolifer- 
ation response may require 72 to 96 hours for 
full development. 


Discussion. Previously reported compari- 
sons of relative efficacy of the several methods 
of progesterone administration have estab- 
lished that intramuscular administration of 
the hormone is approximately one thousand 
times(5,6) less effective in producing proges- 
tional proliferation than is intrauterine ad- 
ministration of progesterone. This marked 
difference in efficacy is the presumed result 
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of inactivation of the hormone prior to its 
hematogenous transport to the endometrium. 
This biologic inactivation is delayed when the 
hormone is administered topically to the tar- 
get tissue. 

The current studies show that intravenous 
administration of progesterone is approxi- 
mately twenty-five thousand times less effec- 
tive than intrauterine administration of the 
hormone. Intravenous administration of the 
hormone is approximately 25 times less effec- 
tive than the intramuscular route. 

These comparisons establish the lessened 
biologic effectiveness of intravenous proges- 
terone. Differences in effectiveness are 
usually the result of more rapid biologic in- 
activation either through absorption differ- 
ences or circulation differences. Absorption 
of intravenously administered progesterone is 
instantaneous. Its lessened effectiveness is 
presumed to be the result of circulation of the 
hormone through the inactivating tissues prior 
to its arrival at the target tissue. 

It appears that the previously reported 
rapid clearance of progesterone from the blood 
serum is not the result of tissue storage and 
continuing biologic effectiveness. It is the 
result of the rapid metabolism of the hor- 
mone and consequent lessened biologic effec- 
tiveness. 

Summary. The biologic effectiveness of 
intravenously administered progesterone is 
approximately 25,000 times less than intrau- 
terine administration of progesterone and 25 
times less effective than the intramuscular 
route. 
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Secondary Rejection Phenomenon Elicited by Primary Homograft in 


Pretreated Rats. 


A. S. Markow!ItTz* AND SHELDON D. ScHwartz! 


(24490) 


(Introduced by James G. Shaffer) 


Dept. of Microbiology, University of Illinois, College of Medicine, Chicago 


The graft rejection phenomenon has been 
considered explicable on an immunologic 
basis, in part due to the chronology of pri- 
mary and secondary homograft rejections. 
Simonsen(1) has shown that prior immuni- 
zation with skin from a kidney donor would 
sensitize the recipient so that accelerated kid- 
ney rejection would then occur. Dempster 
(2) showed that not only would skin grafting 
immunize against kidney from the same 
donor, but also that kidney grafts immunized 
against skin. Essentially the same findings 
were demonstrated by Billingham et al.(3) 
when it was shown that injections of an homo- 
genate of lyophilized donor whole kidney 
would delay primary skin homograft rejec- 
tion in pretreated neonatal rats. Based upon 
such reports indicating an antigenic relation- 
ship between skin and kidney, we evaluated a 
distinct anatomical component of the kidney 
in this relationship. The work to be reported 
here involved pretreating adult rats with rat 
glomerular basement membrane and _ subse- 
quently performing an orthotopic skin homo- 
graft. In view of the report by Billingham 
et al.(4) concerning the role of nucleoproteins 
in graft rejection, RNA and DNA determina- 
tions were performed on our material. 

Methods. A pool of several hundred rat 
kidneys was obtained from 5 different labora- 
tories, all purchasing from different vendors. 
Glomeruli were isolated and basement mem- 
brane obtained from them by Greenspon’s 
method(5) with the slight modification that 
no attempt at sterility procedures was at- 
tempted. Recipient and donor rats (of the 
skin grafts) were chosen from different lots 
so as to be as genetically disparate as is pos- 
sible when purchasing from a single vendor. 
Two intraperitoneal injections of 40 mg (wet 
weight) of glomerular basement membrane in 


* Present address: Hektoen Inst. for Med. Re- 
search, Cook County Hosp., Chicago, Ill. 

+USPH Medical Student Part-time 
Fellow. 
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physiologic saline were given to 24 white, fe- 
male, Holtzman strain rats (150 g) at an in- 
terval of one week. Seven days after the last 
injection, the orthotopic homograft was _per- 
formed. One square centimeter of full-thick- 
ness skin was removed, trimmed of underly- 
ing fat and set into place on the prepared re- 
cipient area. The graft was secured with 8 
to 10 stitches, and a pressure dressing of gauze 
was applied. Five days later dressing and 
stitches were removed. Numerous control 
autografts had previously validated the surgi- 
cal technic. A group of 24 untreated homo- 
grafted rats were given a second homograft 
from the same donor 2 weeks after rejection 
of the first graft. 

RNA and DNA determinations on rat glo- 
merular basement membrane were performed 
by the methods of Ceriott(6) and Webb(7) 
respectively. We are indebted to Dr. Max 
Rafelson, Dept. of Biochemistry for these de- 
terminations. 

Results. Using rejection time criterion as 
complete breakdown of the graft, the base-line 
value of 13.2 + 0.7 days was obtained for the 
primary homograft in the untreated rats. The 
pretreated rats rejected their primary homo- 
graft in about the same time, 7.3 + 0.4 days, 
as the secondary homografts were rejected in 
the untreated rats, 7.8 + 0.6 days. RNA 
and DNA values of 0.09 mg% and 0.05 mg% 
respectively were obtained. 

Discussion. This preliminary report thus 
seems to substantiate the working hypothesis 
that there may be an immunologic relation- 
ship between a component of glomerular base- 
ment membrane and skin. This is not to im- 
ply that only the glomerular basement mem- 
brane is involved in the skin-kidney relation- 
ship. Currently other kidney structures are 
being investigated. 

Aside from relating an anatomical com- 
ponent seemingly involved in the skin-kidney 
relationship, it would seem to us that greater 
significance may be attached to the fact that, 
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as opposed to the works cited(1-3), the ma- 
terial employed for pretreatment was from a 
pooled source and not from the skin donors. 

The low nucleic acid content of our ma- 
terial limits coordination of our findings with 
the hypothesis presented by Billingham e¢ al. 
(4). Experiments are underway to evaluate 
the role of a polysaccharide material isolated 
from rat glomerular basement membrane by 
a method reported elsewhere(8) in enhancing 
takes of skin grafts. 

Summary. Intraperitoneal injections of 
pooled rat glomerular basement membrane 
preparations into rats subsequently homo- 
grafted with a primary orthotopic skin graft 
facilitated a secondary rejection phenomenon 
on the part of such treated animals. The low 
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nucleic acid content of the preparations lim- 
ited correlation with the hypothesis of nucleo- 
proteins as the transplantation antigens. 
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Occurrence and Enzymatic Degradation of Phosphoethanolamine.* (24491) 


L. C. Smitu AND FRANCcEs M. Rossi 
Dept. of Biochemistry, School of Medicine, State University of S. Dakota, Vermillion 


The biological occurrence of phospho- 
ethanolamine was first observed in bovine tu- 
mor tissue by Outhouse(1), who failed to find 
it present in normal tissues. Colowick and 
Cori(2) demonstrated the ester to be present 
in rabbit and pig intestine. Lately it has been 
shown to occur in a variety of normal tissues 
and often in quite large amounts(3,4,5,6). 
Thus far, the major biochemical interest of 
the compound lies in its possible role as an in- 
termediary in the metabolism of phospho- 
lipids. Little is known of other possible func- 
tions, or of the enzymology of phosphoethano- 
lamine metabolism. Roche and Bouchilloux 
(7) have shown that dog liver, human pros- 
tate, and beef kidney split phosphoethanola- 
mine at pH 5.6, although at a lower rate than 
glycerophosphate. Strickland et al.(8) re- 
ported that alkaline phosphatase of various 
tissues readily split phosphoethanolamine, but 
that there was a relative inactivity toward 
this phosphate ester by acid phosphatase of 


* This investigation was supported by research 
grants, Nat. Cancer Inst., P.H.S.; Am. Cancer Soc., 
S. Dakota Division; and Com. on Research, Council 
on Pharmacy and Chemistry, Am. Med. Assn. 


these same tissues. This paper reports infor- 
mation about distribution of the compound in 
various tissues, and its enzymatic degradation 
by tissue homogenates under different condi- 
tions, 7.e., DH, buffer, metal ions, etc. 


Methods. Phosphoethanolamine was syn- 
thesized by the method of Outhouse(9) and 
phosphate determinations were made by the 
method of Gomori(10). As soon as animals 
were sacrificed, samples of tissue were immedi- 
ately homogenized with Teflon pestle in dis- 
tilled water. Aliquots of the homogenate 
were treated with 10% trichloroacetic acid to 
remove proteins, and after removal of the acid 
with ether the resulting solution was concen- 
trated in vacuo. Quantitative determination 
of phosphoethanolamine was then made by 
Dowex-50 chromatography as previously de- 
scribed(5). The incubation system contained 
in final volume of 11 ml, 9 ml of buffer (ver- 
onal-acetate, pH 4.5, or veronal, pH 9.0), 1 
ml of substrate (15 x 10° moles of either 
phosphoethanolamine or beta-glycerophos- 
phate, and 5 x 10° moles of MgCl.), and 1 
ml homogenate. Incubations were carried out 
in small Erlenmeyer flasks with shaking in 


PHOSPHOETHANOLAMINE OCCURRENCE, ENZYMATIC DEGRADATION 


TABLE I. Distribution of Phosphoethanolamine 

in Rat and Rabbit Tissues. Values expressed as 

mM/100 g dry tissue and probable error of the 
mean, 


Tissue Rat* Rabbitt 
Liver 18 + .01 2.72 + .06 
Kidney 48 + .07 2.34 + .19 
Heart AT + 17 36 + .00 
Spleen 2.24 + .19 2.57 + .30 
Brain 50 + .02 .90 + .00 
Muscle 21 + .05 10 + .00 


Ret. cell sarcoma 1.0 
Walker Ca. 8 


* Avg of 3 animals. t Avg of 2 animals. 


constant temperature bath at 37°C. After 
one hour, the reaction was terminated by ad- 
dition of 5 ml of 20% trichloroacetic acid. In- 
organic phosphorous was determined similarly 
except that the substrate was omitted. A 1 
ml aliquot of each homogenate was removed 
and kept at 100°C for 24 hrs for determina- 
tion of dry weight. Values are expressed as 
pM of P released/g dry tissue/hr. 

Results. Determinations made of phospha- 
tase activity at intervals of 0.5 pH units from 
4 through 10 showed the velocity of hydroly- 
sis of phosphoethanolamine by various tissue 
homogenates to have 2 maxima at pH 4.5 and 
9.0. Rates of hydrolysis by various tissue ho- 
mogenates were compared in borate, veronal, 
tris, citrate, and acetate buffers. Although 
differences were slight, veronal at pH 9.0 and 
veronal-acetate at pH 4.5 gave maximum hy- 
drolysis of the ester. The effect on hydrolysis 
rate of the ester at pH 9.0 by Mg** was de- 
termined on muscle, brain, and heart homo- 
genates. The rate increased 100, 0, and 20% 
respectively, whereas Ca** at this pH had no 
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effect. At pH 4.5, neither ion had any effect 
on hydrolysis of the ester by these 3 tissues; 
however Mg** increased hydrolysis of glycero- 
phosphate by 50%. Under optimal conditions 
described, the reaction velocity using spleen 
and kidney homogenates at pH 9.0 remained 
essentially constant throughout a 120 minute 
period. 


Table I illustrates concentration of phos- 
phoethanolamine in 6 rat and rabbit tissues 
as well as 2 transplantable rat tumors. It can 
be seen there is a species difference, rabbit 
liver and kidney having considerably more of 
the ester than the corresponding tissues of the 
rat. The value for spleen in both species was 
large and similar results have been reported 
for lymphoid tissue by other authors(5,11). 


Table II shows that for each tissue, glycero- 
phosphate is hydrolysed by alkaline phospha- 
tase at 2-6 times the rate for phosphoethanola- 
mine. Only muscle of both species showed a 
lower ratio of approximately 1. The results 
of Table II also show that the ester of ethano- 
lamine is hydrolysed at a considerably slower 
rate by acid phosphatase (pH 4.5) than gly- 
cerophosphate. It is obvious, however, that 
the ratio of hydrolysis of the 2 esters at the 
acid pH is not constant from one enzyme 
source to another, viz., rat kidney, reticulum 
cell sarcoma, and Walker 256 carcinoma 
showed little activity toward the ester of 
ethanolamine; however the acid phosphatase 
of these 3 same tissues was quite active 
toward glycerophosphate. It is obvious from 
Table II that human prostate split glycero- 
phosphate at 3 times the rate of phospho- 


TABLE II. Hydrolysis of Phosphoethanolamine by Various Tissue Homogenates. Values ex- 
pressed as yM/g dry tissue/hr. 


c Rat > ae Rabbit——————_ 
pH 4.5 pH 9.0 pH 4.5 pH 9.0 
BGP BG BGP BG 

Tissue PEt PEt PEt PEt PEt PEt PEt PEt 
Liver 9 69 eee oe @-- 16 52 = «BB 
Kidney 1 1246 1800 Bis 4] 6 480 4.5 
Heart 6 24 160 oop ] 78 19 2.0 
Spleen aly 56 40 3.3 8 69 300 2.7 
Brain 12 14 73 3.2 9 14 24 4.9 
Muscle 12 15 18 1.3 23 if 23 1.0 
Reticulum sare. 3 75 57 4.3 
Walker 256 Ca. 1 364 32 4.6 
Human prostate 9760 3 38 4.0 


BGP — Sodium beta-glycerophosphate. PEt = Phosphoethanolamine., 


756 


ethanolamine nevertheless this tissue con- 
tained the most active phosphatase for split- 
ting of phosphoethanolamine of any tissues 
examined, irrespective of pH. 

Rat liver homogenate gave rather low Q 
values with phosphoethanolamine; however 
these were approximately 7-fold when beta- 
elycerophosphate was the substrate. Further 
investigation showed that dialysis of liver ho- 
mogenate increased hydrolysis of phospho- 
ethanolamine and glycerophosphate 100 and 
50% respectively. Furthermore, dilution of 
liver homogenate of 1:10 increased the Q 
value 4-fold; whereas similar dilution of kid- 
ney homogenate caused no change in the hy- 
drolysis rate. Finally, it was found that 
boiled, undialysed liver extract inhibited hy- 
drolysis of phosphoethanolamine by rat kid- 
ney homogenate at pH 9.0. Dialysis of liver 
extract removed this inhibition, but concen- 
tration of the dialysate followed by addition 
to kidney homogenate restored the inhibition. 

Discussion. Comparison of Tables I and 
II indicates there is little correlation between 
amounts of free phosphoethanolamine in a 
given tissue as compared to amounts of en- 
zyme which would split the compound, 2.e., 
rat kidney and brain had approximately the 
same amounts of free ester, v7z., (.48 vs. .50); 
however kidney was about 25 times as active 
as brain at pH 9.0 in hydrolysing phosphate 
from the compound. 

Our findings shown in Table IT are in agree- 
ment with those of Roche and Bouchilloux 
(7) who had shown that phosphoethanola- 
mine is split at an acid pH although at a 
lower rate than glycerophosphate. Our re- 
sults are at variance with Strickland et al.(8) 
in that we found rat and rabbit brain homo- 
genate to be fully as active under acid condi- 
tions toward phosphoethanolamine as most 
other tissues of these species. We also differ 
in that we found human prostate to contain 
the most active phosphatase of any tissue ex- 
amined; whereas Strickland e¢ al.(8) reported 
almost complete inactivity of this tissue 
toward phosphoethanolamine under acid con- 
ditions. 

The increased Q value obtained with dilu- 
tion and dialysis of liver homogenate suggests 
that the activity of this tissue phosphatase 
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toward phosphoethanolamine might be ob- 
scured by a transphosphorylation reaction. 
Suitable aliquots of the remaining hydroly- 
sate were chromatogramed on paper and 
showed equal quantities of ethanolamine and 
inorganic phosphate released with correspond- 
ing disappearance of a similar amount of phos- 
phoethanolamine. Schmidt ef al.(12) have 
shown that intestinal phosphatase is inhib- 
ited by phosphate ion. However, addition of 
.0075 mM phosphate, an amount equivalent 
to that found in 1 ml of liver homogenate, had 
no effect on activity of liver phosphatase on 
phosphoethanolamine. These results indicate 
that rather than a transphosphorylation, or 
inhibition by phosphate ion, there is perhaps 
a competition for the phosphatase between 
phosphoethanolamine and other phosphate 
esters present in liver. 


Summary. 1. Optimum conditions for hy- 
drolysis of phosphoethanolamine by tissue 
homogenates have been determined to be: 
veronal-acetate, pH 4.5, and veronal, pH 9.0, 
Mg**,5 x10? M. 2. Concentration of phos- 
phoethanolamine was determined in 6 rat and 
rabbit tissues as well as 2 transplantable tu- 
mors. 3. Alkaline phosphatase of the various 
extracts readily hydrolysed the ester and at 
greater rates than acid phosphatase. 4. Phos- 
phoethanolamine was more readily hydrolysed 
by acid phosphatase of human prostate than 
of any other tissue examined. 5. Dilution 
and dialysis experiments with liver indicate 
there is a competition for phosphatase between 
phosphoethanolamine and other phosphate es- 
ters present in liver. 
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The parenteral administration of properdin 
of heterologous origin into rats and mice has 
been reported to protect significantly against 
LDjo0/30 day and LDjio0/6 day doses of 
whole body x-irradiation(1,2). Degree of 
protection was reported to be dependent on 
dose, route, and time of administration of 
properdin. Ross(2) observed that mice ex- 
posed to 600 r and treated with 50 units of 
partially purified bovine properdin adminis- 
tered intravenously showed a 4-fold greater 
30 day survival rate than the untreated con- 
trols. However, mice treated with properdin 
on the second, third, fourth, seventh, or tenth 
postirradiation days showed similar or accel- 
erated death rates as compared to the controls. 
In order to further assess the role of properdin 
in protection of animals against the effects of 
whole body x-irradiation, experiments were 
conducted to determine the value of proper- 
din as a therapeutic agent. 

Materials and methods. Adult albino mice 
and adult albino rats (Sprague-Dawley) were 
randomly arranged into groups of varying 
numbers according to the design of each ex- 
periment. Dosage of x-rays administered for 
each experiment is given in the section on re- 
sults. The x-irradiation was administered 
from above the animals by means of a West- 
inghouse Quadrocondex x-ray machine. The 
technical factors were: 250 KVP; 15 ma, | 
mm aluminum and 0.5 mm copper filters in 
addition to inherent filtration of 2.5 mm alu- 
minimum and 0.25 mm copper; size of field, 


* This study was supported by funds provided 
under contract with School of Aviation Medicine, 
US.A.F., Randolph Air Force Base, Texas. 


whole-body; target distance, 16 inches. The 
mice were irradiated in groups of 10 in a 
cylindrical container having a diameter of 
18.5 cm and a height of 3 cm. The rats were 
irradiated in groups of 4 in a cylindrical con- 
tainer having a diameter of 23 cm and a height 
of 5.5 cm. Average dose rate as measured 
with a Victoreen r meter was approximately 
9Or per minute when recorded in the center of 
a lifelike wax phantom. Variation in radia- 
tion dose did not exceed 2r per minute when 
measured in any position in the container. 
Properdin solutions were prepared from fresh 
bovine serum according to the zymosan ad- 
sorption technic of Pillemer e¢ al.(3) and also 
by a modified Cohn ethanol fractionation pro- 
cedure. In addition, purified human proper- 
din was used in the experiments.t The titers 
of the partially purified properdin (PPP) so- 
lutions and the human properdin (HP) were 
determined by the zymosan assay technic de- 
scribed by Pillemer ef al.(3).* Route and 
time of administration of the properdin solu- 
tions is given in each experimental design. 
Results. Jn the first experiment, 5 ran- 
domly selected groups of mice were exposed to 
a single 550 r total body dose of x-irradiation. 
Animals of the first group of 11 mice were in- 


+ We are indebted to Dr. B. E. Sanders of Merck 
Inst. of Therapeutic Research for purified human 
properdin. 

t Original RP and R3 assay reagents were kindly 
supplied by the late Dr. Louis Pillemer and Mr. 
Earl W. Todd of the Inst. of Pathology, Western 
Reserve Univ., Cleveland, O. Portions of reagents 
were used to standardize subsequent assay reagents 
prepared in this laboratory. 
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FIG. 1. Mortality of adult albino mice treated in- 

trav. with 50 units of partially purified bovine pro- 

perdin (PPP) following 550 r total body x-irradia- 
tion. 


jected intravenously with 50 units of PPP on 
the first postirradiation day. The next 3 
groups of 11 mice each were treated with 50 
units of intravenously administered PPP on 
the third, fifth and seventh postirradiation 
days, respectively. The fifth group of 40 
mice was used as untreated controls. The 
mortality curves following this irradiation 
and treatment procedure are shown in Fig. 1. 
It can be seen that the intravenous injection 
of PPP did not afford protection to the x-ir- 
radiated mice regardless of time of adminis- 
tration. However, there appeared to be a 
trend toward delayed mortality if treatment 
was initiated early following total body x- 
irradiation. 


In another experiment, the first group of 
10 mice each received 50 units of HP intra- 
venously on first postirradiation day follow- 
ing a single exposure to 550 r of total body x- 
irradiation. A similar number of mice re- 
ceived the same treatment on third postirradi- 
ation day and a third group of 10 mice each 
received 50 units of HP intravenously on fifth 
postirradiation day. A fourth group of 33 
mice were used as untreated controls. The 
mortality ratios are shown in Table I. It can 
be seen that postirradiation treatment with 50 
units of HP administered intravenously did 
not yield protection to the whole body x-irra- 
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TABLE I. Mortality of Adult Albino Mice 

Treated Intravenously with 50 Units of Purified 

Human Properdin (HP) following 550 r Total 
Body X-irradiation. 


Treatment Final mortality 
day No. of 
Treatment (PID)* mice % Day 
HP 1 10 100 12 
” 3 1 0 ”? 9 
” 5 10 ” 9 
Control 33 4 15 


* PID, postirradiation day. 


diated mice regardless of time of administra- 
tion. 

It is difficult to obtain properdin with high 
activity, that is, high unitage/unit volume. 
To increase host systemic concentration of 
properdin, it was suggested that intraperi- 
toneal injection of large doses of properdin 
solution would enable the host to absorb more 
properdin than could be administered by in- 
travenous route. This increased level of prop- 
erdin might then be effective in protecting 
against the effects of whole body x-irradiation. 
To test this hypothesis, mice were subjected 
to 600 r of whole body x-irradiation and ran- 
domly separated into 5 groups. The first 
group of 20 mice received 200 units of PPP 
intraperitoneally on the third post-irradiation 
day; the second and third groups of mice (20 
mice/group) each received 200 units of PPP 
injected intraperitoneally on fifth and seventh 
postirradiation days respectively. The fourth 
group of 20 mice received a total of 600 units 
of PPP administered intraperitoneally at a 
dosage of 200 units/day given on third, fourth 
and fifth postirradiation days. The 25 mice 
of fifth group were held as controls. The mor- 
tality curves of this irradiation and treatment 
experiment are shown in Fig. 2. The results 
were that properdin was not effective as a ther- 
apeutic agent against x-irradiation even in con- 
centrations as high as 600 units when given 
by intraperitoneal route, regardless of time 
of administration. 

Various investigators have reported that 
mouse serum is deficient in complement com- 
ponents(4-6). The lack of bactericidal ac- 
tivity of mouse serum reported by Marcus, 
et al.(7) could be explained as a result of de- 
ficient complement components. Since the 
properdin system has been reported by Pille- 
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FIG. 2. Mortality of adult albino mice treated in- 
traper. with partially purified bovine properdin 
(PPP) following 600 r total body x-irradiation. 


mer e# al.,(8) to require the 4 components of 
complement and Mg** for its activation, 
failure of properdin to protect mice against 
effects of whole body x-irradiation might be 
explained on this basis. An experiment was 
carried out to determine if the properdin sys- 
tem could be activated im vivo in the mouse by 
concomitant injection of guinea pig comple- 
ment with properdin. Groups of mice were 
subjected to 500 r of total body x-irradiation 
and treated with 200 units of PPP and 33 
units of guinea pig complement (GPC’). The 
mixture was administered intraperitoneally 
rather than intravenously since a total volume 
of 1.1 ml was injected. The results are shown 
in Table II. The x-irradiated mice were not 
protected even though all components of com- 
plement were present. Mortality rates of 
treated mice were, in all cases, accelerated as 
compared to mortality rates of the control 
group. GPC’ was not toxic in the concentra- 
tions employed. 

The hypothesis was proposed that mouse 
serum inactivates guinea pig complement in 
vivo. The failure of properdin to protect x- 
irradiated mice might be explained on this 
basis. It was reported that x-irradiation did 
not affect rabbit complement titers(9,10), and 
Ross(2) reported that complement compon- 
ent titers of the rat are not affected by x-ir- 
radiation. In other experiments, therefore, 
rats were used. 


Treated Intraperitoneally with 200 Units of Par- 

tially Purified Bovine Properdin (PPP) and 3: 

Units of Guinea Pig Complement (GPC’) follow- 
ing 550 r Total Body X-irradiation. 


Treatment Final mortality 


day No. of Day 
Treatment (PID)* mice % (PID) 

PPP + GPC’ 1 10 100 8 
GPC’ 1 5 2 14 
PPP + GPC’ 3 10 a 9 
GPC’ 3 5 80 30 
PPP + GPC’ 5 10 100 10 
GPC’ 5 5 f 9 
PPP + GPC’ Fi 10 2 8 
GPC’ 7 5 4 10 
Control 20 is 13 


* PID, postirradiation day. 


Groups of rats were subjected to 720 r of 
whole body x-irradiation and randomly di- 
vided into 7 groups. The first group of 15 
rats received 200 units of PPP injected intra- 
peritoneally on the third postirradiation day. 
The next two groups of 15 rats per group each 
received 200 units of PPP intraperitoneally 
on the fifth and seventh postirradiation days, 
respectively. The fourth group of 15 rats 
received a total of 1000 units of PPP intra- 
peritoneally at a dosage rate of 200 units/day 
for 5 consecutive days starting with third 
postirradiation day. The fifth group of 15 
rats received a total of 500 units of PPP ad- 
ministered intraperitoneally at 100 units/day 
for 5 consecutive days starting with third post- 
irradiation day. The sixth group of 14 rats 
received a total of 250 units of PPP intra- 
peritoneally injected at 50 units/day for 5 
consecutive days commencing with third post- 
irradiation day. The seventh group of 20 rats 
was untreated and held as controls. The re- 
sults of this experiment are shown in Table 
III. It can be seen that properdin did not 
protect rats from the effects of whole body x- 
irradiation, even in doses as high as 1000 units 
when administered by intraperitoneal route. 
Mortality rates of groups receiving multiple 
injections were observed to be similar to or 
slightly accelerated compared to the control 
group and groups receiving a single treatment. 
It is also observed that a trend toward de- 
layed mortality appears to occur if a single 
injection of properdin is given to rats early in 
treatment following whole body x-irradiation. 
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TABLE III. Mortality of Adult Albino Rats 

Treated Intraperitoneally with Partially Purified 

Bovine Properdin (PPP) following 720 r Total 
Body X-irradiation. 


Treatment Treatment. Final mortality 


ieaele day No. of 
(units) (END) rats % Day 
200 3 15 87 30 
200 5) 2 100 itv 
200 cb a 2 aM 
200 3, 4, 5, 6, 7 2 ” 12 
100 2 Z es atoll 
50 . 14 4 a 
Control 20 yf 15 


* PID, postirradiation day. 


Discussion. It has been reported by Ross 
(2) that properdin levels in rats and mice de- 
crease to undetectable levels following whole 
body x-irradiation. Linder(11) reported that 
properdin levels of 500r x-irradiated rats falls 
to 52% of normal on third postirradiation day 
and reaches a minimum of 34% of normal by 
eighth postirradiation day. The properdin 
level begins to rise and reaches 60% of nor- 
mal on thirteenth postirradiation day. We 
observed that properdin levels of 720r x- 
irradiated rats fell rapidly and reached unde- 
tectable levels between fifth and seventh post- 
irradiation days. Furthermore, properdin lev- 
els of 500r x-irradiated mice rapidly de- 
creased to 10% of normal levels by fifth post- 
irradiation day and remained undetectable 
until all animals died on fifteenth postirradia- 
tion day. 

If properdin has therapeutic value for whole 
body x-irradiated animals, it seems apparent 
that treatment should be given at a time when 
the host endogenous levels are at a minimum. 
In all our experiments, the time of adminis- 
tration of exogenous properdin was varied to 
include postirradiation time during which 
some endogenous properdin is still present 
(first postirradiation day) to when undetec- 
table levels are found (fifth to seventh post- 
irradiation days). It-was found that proper- 
din did uot afford any protection to the whole 
body x-irradiated animals in doses as high as 
600 units given intraperitoneally for mice and 
1000 units by this route for rats. It was ob- 
served, however, that time of administration 
of exogenous properdin appears to be an im- 
portant factor. Trends toward delayed mor- 
tality were observed to occur if treatment was 


initiated early following whole body x-irradia- 
tion. In all cases, treatment on the seventh 
postirradiation day accelerated the death rate 
considerably as compared to the controls. 
This observation was also reported by Ross 
(2). 

It has been difficult to obtain properdin so- 
lutions of high activity/unit volume. Conse- 
quently, intravenous injections of properdin 
of high activity could not be completed with- 
out introducing large fluid volumes. The 
choice of intraperitoneal route of injection 
was made on the assumption that properdin 
could be absorbed by the animal in doses 
greater than could be administered intra- 
venously without causing physiological stress. 
It is of interest to note that in the bactericidal 
tests conducted with the sera of x-irradiated 
rats, no bactericidal activity was measurable 
when the properdin levels of the animals were 
undetectable. Perhaps failure of properdin to 
protect the animals against bacteremia that 
follows whole body x-irradiation might be ex- 
plained on the asumption that sufficient levels 
of systemic properdin were not obtained. 
However, in vitro studies by Wardlaw and 
Pillemer(12,13) show that bactericidal ac- 
tivity of the properdin system occurs with a 
system containing as little as 0.01 units of 
properdin. It is recognized that extrapola- 
tion of in vitro observations to im vivo predic- 
tions must be guarded. They also reported 
that concentrations of properdin above 10 
units was inhibitory in the in vitro bactericidal 
process. Possibly a minimum of properdin 
would give maximal im vivo protection. In an 
initial experiment in this laboratory, use of 
properdin of low activity (1 unit/ml) yielded 
60% 30 day mortality among 500r x-irradi- 
ated mice compared to 100% mortality of the 
controls in 15 days. However, attempts to 
confirm this observation have been uniformly 
negative. 

Summary. Under conditions employed 
postirradiation treatment of mice and rats 
with partially purified bovine properdin and 
purified human properdin administered intra- 
peritoneally or intravenously did not afford 
protection against the effects of whole body 
x-irradiation. There appeared to be a rela- 
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tionship between delayed mortality and time 
of injection. 
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Chemical methods for determination of sor- 
bitol and related polyols depend upon degra- 
dation of these substances by ferricyanide(1, 
2) or periodate(3,4). These procedures suffer 
from the disadvantage of extreme lack of spe- 
cificity, since a wide variety of sugars other 
than acyclic polyols react with these reagents. 
Although interference by substances such as 
glucose can be minimized by pretreatment 
with fermenting yeast(3) or by examining the 
reactions under carefully controlled conditions 
(4), application of these methods to deter- 
mination of polyols in tissue extracts is not 
altogether satisfactory. Purification of a sol- 
uble liver polyol dehydrogenase(5) which 
catalyzes the reversible oxidation of certain 
5, 6 and 7 carbon polyols to ketoses(6,7) made 
possible the present method for enzymatic es- 
timation of sorbitol. As little as 1 pg of sor- 
bitol can be measured by rapid and simple 
spectrophotometric procedures, not subject to 
interference by glucose or other naturally oc- 
curring sugars. 

Methods and materials. Spectrophotomet- 
ric measurements were made with Beckman 


* This work was supported by grants from Am. 
Cancer Scc. and Jane Coffin Childs Memorial Fund 
for Med. Research. 


model D.U. spectrophotometer using cells of 
1 cm light path. Most sugars and polyols 
used were obtained from Pfanstiehl Labora- 
tories, Waukegan, Ill., and were of the high- 
est grade of purity. L-Iditol(8) was donated 
by Dr. Jean Sice. DPN and TPN were more 
than 80% pure when assayed enzymatically 
(9,10). DPNH was prepared by either 
chemical(11) or enzymatic(12) reduction of 
DPN. Ketoses were estimated by the meth- 
ods of Dische and Borenfreund(13) or Roe 
(14). Protein was determined spectrophoto- 
metrically(15). Molar extinction coefficient 
of pure DPNH at 340 » was assumed to be 
6220. 


Results. Purification of soluble polyol de- 
hydrogenase of liver. Assay. Activity of the 
enzyme at each stage of purification was de- 
termined in a reaction mixture containing 
0.033 M sodium pyrophosphate buffer pH 9.1, 
0.0006 M DPN and 0.033 M sorbitol. Total 
volume was 1.5 cc. The reaction was initiated 
by addition of enzyme in total volume of 0.1 
cc or less. Absorbency at 340 » was meas- 
ured at 30 second intervals at 25°. Reaction 
velocities were determined from zero order 
portions of plots of change in absorbency vs. 
time. One unit of activity was defined as equal 
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to change in absorbency of 0.001/minute. 
Specific activities were defined as units/mg 
protein. Enzyme activity was proportional 
to amount of protein added over a wide range 
of concentration. 

Initial extract. This was based on the pro- 
cedure of Blakley(6). Either fresh or frozen 
rat liver was chopped with scissors and washed 
many times with cold tap water. After wash- 
ing with deionized water the tissue was homo- 
genized in Waring blendor with 4 volumes of 
0.01 M sodium phosphate buffer pH 7.8 at 
2°. The homogenate was centrifuged at 3,000 
x g for 20 minutes and the precipitate dis- 
carded. In some experiments the pH of ini- 
tial extract was adjusted to 4.7 by addition of 
10 N HCl at 2°, and the precipitate which 
formed was discarded. The supernatant fluid 
was adjusted to pH 7.4 with 5 N NaOH and 
a further precipitate removed. The superna- 
tant fluid resulting from either type of treat- 
ment was then treated with chloroform (0.25 
vol) and ethanol (0.25 vol) according to 
Blakley(6). The aqueous extracts resulting 
from this treatment were dialyzed against de- 
ionized water at 2° until free of organic sol- 
vents. Any insoluble material remaining after 
dialysis was removed. 

Ammonium sulfate fractionation. Solid 
ammonium sulfate was added slowly at 2° 
until the saturation was 0.4. The mixture was 
stirred one hour and the precipitate removed. 
Ammonium sulfate was added to the super- 
natant fluid until saturation had been raised 
to 0.7. Incomplete recoveries of enzyme were 
obtained if the saturation with ammonium 
sulfate was raised to only 0.6 as stated else- 
where(5). The precipitate was harvested 
and dialyzed against deionized water until free 
of ammonium sulfate. Insoluble material re- 
maining after dialysis was removed. 

Ethanol fractionation. ‘The solution was 
cooled to 0° and ethanol (—25°) was added 
dropwise until a final concentration of 20% 
was reached. After addition of all of the 
ethanol, the mixture was stirred for 10 min- 
utes and centrifuged. In a similar manner 
the precipitates resulting from addition of 
ethanol to final concentrations of 30, 40 and 
50% were collected. The ethanol fractions 
were suspended in and dialyzed against deion- 


ized water at 2°; any insoluble material re- 
maining after dialysis was removed. The ma- 
terial possessing the highest specific activity 
for sorbitol oxidation was in the 40-50% 
ethanol fraction. However, this was only the 
case if the ethanol fractionation was carried 
out as described above. If ethanol was added 
in one step to a final concentration of 40%, 
a great deal of polyol dehydrogenase copreci- 
pitated with a large bulk of inert protein. 

Properties of purified enzyme. The purified 
preparations exhibited specific activities for 
sorbitol oxidation ranging from 1600 to 2500 
units/mg protein. At a final concentration of 
0.033 M, L-iditol, ribitol and xylitol were oxi- 
dized at 96, 83 and 56% of the rate of sor- 
bitol. TPN was reduced by sorbitol at less 
than 2% of the rate with DPN. The enzyme 
was stable for some months when stored at 
20°, but repeated freezing and thawing was 
deleterious. In the standard assay system with 
sorbitol omitted, and containing 100 units of 
enzyme, DPN was not reduced by glucose 
(0.05 M), glycerol (0.02 M) n-propanol (0.02 
M), m-inositol (0.01 M) and ethanol (0.02 
M). At pH 7.4 in phosphate buffer, DPNH 
was oxidized by D-fructose (0.03 M) and L- 
sorbose (0.03 M) was oxidized at 86% the 
tate of fructose. DDPNH was not oxidized 
upon the addition of DL-glyceraldehyde, di- 
hydroxyacetone, monohydroxyacetone or po- 
tassium pyruvate (0.01 M). 

Equilibria. Others(6,7) have shown that 
the soluble polyol dehydrogenase of mam- 
malian liver catalyzes, inter alia, the follow- 
ing reactions: 


Sorbitol +- DPN*+= D-Fructose-++ DPNH+ Ht (1) 


L-Tditol +- <—L-Sorbose + Idem (2) 
Ribitol + = D-Ribulose + He (3) 
Xylitol + <= L-Xylulose + oe (4) 


The equilibrium constant K = [Ketose] 
| DPNH]/[Polyol][DPNH] for reaction (1) 
was found by Blakely(6) to be 0.24 at pH 8.0 
and 20°. The equilibrium of other pyridine 
nucleotide linked alcohol dehydrogenases is 
displaced to the right with rise in pH, since a 
proton is liberated when the coenzyme is re- 
duced(9,17). The equilibrium for sorbitol 
oxidation by the purified enzyme was deter- 
mined at various pH values. The vessels con- 
tained 200 units of enzyme/1 cc of reaction 
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transformation of sorbitol to fructose with pH. 

©, Tris buffer; @, phosphate buffer; A, pyros- 
phosphate buffer. 


mixture, and initial concentration of DPN 
was 0.00016 M. At each pH, mixtures of sor- 
bitol and D-fructose were added at approxi- 
mately 100 to 300 times the molar concentra- 
tion of DPN. Equilibrium was considered to 
be established when no further change in ab- 
sorbency at 340 mp» occurred within 30 min- 
utes. Three different ratios of sorbitol to 
fructose were employed for determination of 
K at each pH value. A plot of log; )K against 
pH yielded a straight line of unit slope (Fig. 
1). The thermodynamic equilibrium constant 
Ky = K x [H’| was estimated graphically to 
be 3.35 x 10° for reaction (1) at 25°. This 
is in good agreement with the value of K at 
pH 8.0 reported by Blakley(6) and with a 
previously reported value(5) of 2.09 x 10° 
obtained from determinations made at a 
smaller number of pH values. The value of 
K for reaction (3) was calculated from amount 
of DPNH formed in the presence of limiting 
concentrations of ribitol and excess DPN, on 
the assumption that 1 mole of D-ribulose was 
formed/mole of DPN oxidized. In sodium 
pyrosphosphate buffer of pH 9.0 an average 
value of K = 0.107 was found. The value of 
K for the xylitol < D-xylulose reaction 
(equation 4) was not determined. However, 
it was observed that at pH 9, in the presence 
of 0.0005 M DPN, addition of 0.05 pmole of 
xylitol/1 cc of reaction mixture led to forma- 


Variation of equilibrium constant for 


tion of 89% of the theoretical amount of 
DPNH, which would be expected if oxidation 
of xylitol had gone to completion. It is clear 
that there is a large difference between equili- 
brium constants for reactions 3 and 4. 
Determination of sorbitol. From the 
value of Ky, for reaction (1) it may be calcu- 
lated that at pH 9 in a final volume of 2 cc, 
containing initially 1 umole of DPN, the con- 
version of 0.2 umole of sorbitol to D-fructose 
is more than 98% complete. Thus it would 
be expected that addition of sorbitol in quan- 
tities of 0.2 wmole or less would result in for- 
mation of stoichiometric amounts of DPNH. 
This was found to be the case. In the pres- 
ence of 0.1 »mole of added sorbitol, further 
addition of 0.1 »mole of D-fructose did not 
alter detectably the final change in absor- 
bency, as would be expected from the value 
of Ky. Addition of D-fructose in molar con- 
centrations 100 times that of sorbitol reduced 
the final change in absorbency to about one- 
half of the theoretical. The following pro- 
cedure was adopted to determine sorbitol in 
tissue extracts. The tissue was deproteinized 
by 1 of 2 methods. The first of these involved 
homogenization of tissue with 9 volumes of 
5% TCA. The homogenate was centrifuged, 
the residue washed with TCA, and the com- 
bined acid soluble extract used. The second 
method of deproteinization was effected by 
homogenizing with 9 volumes of 66% ethanol. 
The homogenate was centrifuged and the pre- 
cipitate washed with 66% ethanol. The com- 
bined ethanol extracts were stripped of ethanol 
under reduced pressure, and the aqueous resi- 
due extracted 3 times with chloroform. 
Traces of chloroform were removed from the 
aqueous extract by aeration. The deprotein- 
ized extracts were then de-ionized by passage 
over columns of the anion-cation strong base, 
strong acid ion exchange resin Amberlite MB- 
1 (Rohm and Haas) until free of ionic ma- 
terial as judged by conductivity determina- 
tions. The de-ionized extracts were concen- 
trated under reduced pressure. At this stage, 
total polyol present was determined, using a 
suitable aliquot in final volume of 2 cc con- 
taining 100 pmole of sodium pyrosphosphate 
buffer of pH 9.1, 1 »mole DPN and sufficient 
amounts of purified liver enzyme to allow the 
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system to come into equilibrium within 20 
minutes. An aliquot of de-ionized extract was 
also subjected to cysteine-carbazole reaction 
of Dische and Borenfreund(13) to determine 
level of ketoses present. Aliquots of de-ion- 
ized extracts were also chromatographed on 
Whatman number 42 filter paper in an as- 
cending system at 25° using 85% ethanol 


as solvent. Standards of sorbitol (100 
wg) and ribitol (100 pg) were run 
alongside these samples. The following 


values for Rgorpito) (movement of substance/ 
movement of sorbitol) were observed in this 
system: L-iditol, 0.94; D-mannitol, 1.00; 
ribitol, 1.20; glycerol, 1.42; m-inositol, 0.23; 
D-glucose, 0.98 and D-fructose, 0.98. Loca- 
tion of the carbohydrates on the chromato- 
grams was determined by spraying with am- 
moniacal silver nitrate. In each determina- 
tion, 2 chromatograms were run side by side. 
One of these was sprayed to determine the 
position of carbohydrates present, while the 
other was cut into strips 1 cm in length. Each 
strip was eluted with a small volume (3 cc or 
less) of water, and a suitable aliquot of the 
eluate was used for determination of polyol 
present by the enzymatic method. 

Recoveries of greater than 92% were found 
if a solution of pure sorbitol was treated with 
TCA, and subjected to de-ionization and pa- 
per chromatographic procedures here de- 
scribed. Sorbitol could not be detected in 
either rat liver or in heparinized rat blood 
(adult males weighing between 350 and 400 
g), under conditions where 2 mg of sorbitol/ 
100 g of tissue could have been detected. It 
may be added that after de-ionization of the 
deproteinized extracts of these tissues, amount 
of ketose present was insignificant, and in- 
capable of leading to errors in determination 
of sorbitol due to alteration of the equilibrium 
of reaction(1) by D-fructose. Sorbitol added 
to deproteinized, heparinized rat blood was 
also recovered to the same extent. 

Similarly, no difficulties were encountered 
in estimation of sorbitol added to rat urine. 
It must be emphasized that the de-ionization 
procedure employed precluded interference by 
ionic substrates which would form DPNH by 
action of DPN-linked dehydrogenases which 
might be present in the purified liver enzyme 


used. Failure of glucose, glycerol, ethanol and 
inositol to reduce DPN in the presence of 
liver ketose reductase also excluded interfer- 
ence by these substances. Paper chromato- 
graphy of de-ionized extracts of rat liver 
showed the presence of material which re- 
acted with ammoniacal silver nitrate and mi- 
grated to the same positions as glycerol, glu- 
cose and m-inositol. 


In 2 separate experiments it was found that 
the coagulating gland of sexually mature rats 
contained an hexitol in amounts equivalent to 
25 and 37 pmoles/100 g of fresh tissue, and 
which migrated on paper to the same position 
of sorbitol. Work from this laboratory 
showed that fructose-secreting accessory sex- 
ual tissues of the rat and guinea pig catalyzed 
the transformation of sorbitol to fructose 
readily(5,18). The finding of an hexitol re- 
sembling sorbitol in the coagulating gland of 
the rat, which secretes large amounts of fruc- 
tose, suggests that sorbitol may be an inter- 
mediate in biosynthesis of fructose by this 
tissue. This contention is in full accord with 
studies of Hers(19,20) on seminal vesicle of 
the sheep. The latter tissue, which also se- 
cretes fructose, contained sorbitol in its se- 
cretion, and also enzymes which reduce glu- 
cose to sorbitol and oxidize sorbitol to fruc- 
tose. 


Summary. An enzymatic method for de- 
termination of sorbitol is described. The 
method is based upon reduction of DPN by 
sorbitol catalyzed by a purified preparation of 
soluble ketose reductase of rat liver. No 
polyol which reacts with this enzyme could 
be detected in blood or liver of the rat, where- 
as considerable amounts of an hexitol resemb- 


ling sorbitol were found in the coagulating 
gland. 
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(Introduced by A. C. Upton) 


Biology Division, Oak Ridge National Laboratory,* Oak Ridge, Tenn. 


Isolation of a sulfated mucopolysaccharide 
from blood platelets of rats has been reported 
(1). Subsequent investigation on larger quan- 
tities of extracts of rat platelets (200 to 500 
pg) revealed another mucopolysaccharide-rich 
fraction that is not sulfated. This report de- 
scribes the separation and further chemical 
characterization of these two fractions by pa- 
per electrophoresis, hydrolysis, and paper 
chromatography. 

Materials and methods. Male Sprague- 
Dawley rats weighing 272-477 g were used as 
platelet donors. Platelets labeled im vivo with 
Na»S*°O, and harvested by the procedure de- 
scribed(1) were lyophilized or frozen for stor- 
age. Mucopolysaccharides (MPS) were ex- 
tracted from platelets by alkali treatment(1) 
or by trypsin digestion. The trypsin diges- 
tion medium was made by adding 0.1 ml of a 
0.1% trypsint solution to 0.9 ml of M/10 
NaHCO; buffer (pH 8.3, M/1000 with re- 
spect to CaCl.). One milliliter of this mix- 
ture was added for each 13.3 x 10° platelets 
and reacted for 1 week at 34°-38°C. The un- 
dissolved material was removed by centrifu- 
gation at 2190 x g for about 30 minutes. The 
supernatant was neutralized with 1 N HCl, 
' * Operated by Union Carbide Corp. for U. S. 
Atomic Energy Comm. 

+t The trypsin was a crystallized, lyophilized, salt- 
free preparation (TL 550) obtained from Worthing- 
ton Biochemical Sales Co. 


diluted to 10 ml with water, and repeatedly 
treated with chloroform-amyl] alcohol reagent 
(2) to remove protein. The resulting super- 
natant was dialyzed and lyophilized(1). In 
addition to the method of electrophoresis used 
before [essentially that of Rienits(3)]|, we 
also used as the electrolyte a 35% solution of 
propanol in M/15 phosphate buffer (pH 6.4) 
a solvent system similar to that used by 
Kerby(4) for chromatographic separation of 
heparin and chondroitin sulfate(CSA). The 
extract was electrophoresed on strips of What- 
man #2 filter paper (3.0 x 30.5 cm) for 5 
hours at 10.8 V/cm. The two MPS-rich frac- 
tions were located on paper strips by staining 
with Alcian blue. Each MPS-rich fraction 
was eluted from unstained paper electro- 
phoresis strips run by the Rienits procedure, 
dialyzed, lyophilized, and hydrolyzed by modi- 
fication of the method of Glegg and Eidinger 
(5). Two hundred to 500 pg (estimated by 
comparing staining density of small samples 
on paper strips with that of known amounts 
of CSA) of each fraction and 12 mg of Dowex 
50 cation exchange resint in the hydrogen 
form and 0.1 ml of water were heated at 
100°C for 33 or 40 hours in a sealed tube with 
a volume of about 3 ml. In this procedure 
hexosamines released during hydrolysis ad- 
sorb to the resin, and sugars and uronic acids 


= Dowex-50 resin of analytical grade, 50 to 100 
mesh, obtained from Bio-Rad Laboratories. 
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remain in solution. The hydrolysis was car- 
ried out on 2 different batches of each frac- 
tion as well as in control samples of CSA, of 
paper electrophoresis strips, and of resin alone. 
Sugars and uronic acids were chromato- 
graphed on Whatman #1 filter paper. Each 
paper was stapled together to form a cylinder 
and placed in glass jar with one of the follow- 
ing solvents: (1) butanol-acetic acid-water 
(4:1:5), bottom layer used to saturate the 
atmosphere; (2) phenol-water (71:29); (3) 
butanol-pyrodine-water (5:3:2) of Yosizawa 
(6); (4) pyridine-ethyl acetate-acetic acid- 
water (5:5:1:3), and (5) pyridine-ethyl ace- 
tate-water (11:40:6) used to saturate the at- 
mosphere(7). The solvent was allowed to rise 
to the top of the paper 3 times. Material from 
fraction 1 (faster moving fraction) was chro- 
matographed in all 4 systems, but fraction 2 
material was run only in the last 2. The 
papers were sprayed with aniline hydrogen 
phthalate to reveal sugars and uronic acids. 
Hexosamines were eluted from the resin with 
0.5 N HCl and chromatographed in water- 
saturated collidine by Woodin’s procedure 
(8). These papers were sprayed either with 
ninhydrin or with the Elson-Morgan reagent 
(9) to reveal hexosamines. Once when nin- 
hydrin was used, the pentose sugars formed 
as oxidation products of hexosamines(10) 
were eluted and chromatographed in the pyri- 
dine-ethyl acetate-acetic acid-water system 
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FIG. 1. Paper electrophoresis of mucopolysaccha- 

rides and platelet extract by modified Rienits pro- 

cedure (conditions: M/10 phosphate buffer, pH 

6.6; 3 hr; 5°C; 10.8 V/em). a, chondroitin sul- 

fate; b, heparin; ¢, hyaluronic acid; d, platelet 
extract; e, autoradiogram of d. 


§ The chondroitin sulfate was obtained from Nu- 
tritional Biochemicals Corp. 
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FIG. 2. Paper electrophoresis of mucopolysaccha- 

rides and platelet extract in propanol-phosphate 

buffer system (conditions: 35% propanol, 65% 

M/15 phosphate buffer, pH 6.4; 5 hr; 5°C; 10.8 

V/em). a, chondroitin sulfate; b, heparin; ¢, mix- 

ture of chondroitin sulfate and heparin; d, platelet 
extract; e, hyaluronic acid. 


described to confirm identification of the hex- 
osamines. Hydrolysis was carried out on 2 
different batches of each fraction as well as 
on control samples of CSA, of paper electro- 
phoresis strips, and of resin alone. 


Results. Two fractions that stained with 
Alcian blue were observed on paper electro- 
phoresis strips that were run either in phos- 
phate buffer or in 35% propanol-phosphate 
buffer (Figs. 1 and 2). In both systems frac- 
tion 1 had the same electrophoretic mobility 
as CSA. Autoradiograms of paper electro- 
phoresis strips of extracts of S*°O;-labeled 
platelets showed that fraction 1 was sulfated 
(Fig. 1). In the phosphate buffer system, 
fraction 2 (the slower moving fraction) moved 
slightly behind hyaluronic acid (HA)|| but 
overlapped it (Fig. 1), whereas in the 35% 
propanol-phosphate buffer that separates 
CSA and heparin," fraction 2 moved in front 
of and overlapped the position of HA (Fig. 
2). Neither fraction had a mobility corre- 
sponding to that of heparin. 

Chromatograms of the hexosamines sprayed 
either with ninhydrin or with Elson-Morgan 
reagent showed the presence of galactosamine 
in fraction 1, whereas fraction 2 contained 
glucosamine. When the hexosamine spots that 
were oxidized with ninhydrin were eluted and 


|| The HA from vitreous humor was obtained from 
Mann Research Labs. 

{|The heparin was Liquaemin Sodium from Or- 
ganon. 
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TABLE I. Chromatographie Detection of Sugars and Uronie Acids in Mucopolysaccharides. 


Resin blank 


CSA 


Fraction 2 


Fraction 1 


Solvent 


Amt Frequency systems 


Solvent 


Frequency systems 


Solvent 


Frequency systems 


Solvent 


Frequeneyt systems 


Amt 


Amt 


Amt* 


CHEMISTRY OF PLATELET MUCOPOLYSACCHARIDES 


ANNAN AA 


0/6 
4/5 
0/5 
1/5 
0/5 


Pate 
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ANaAaA aA 


0/2 
2/2 
2/2 
1/2 
2/2 


+ 
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HSH SH SH SH 


Uronie acid 
“¢Mannose’’ 
Pentose sugar 


Glucose 
Galactose 


—, none; +, small amount; +--+, moderate amount. 


+ Frequency indieates No. of times material was present over total No. of relevant chromatograms, 


v 


* Symbols are used as follows: 


+ The one sample of CSA that showed a trace of mannose and pentose sugar had been paper electrophoresed and eluted before hydrolysis and chro- 


matography. 
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rechromatographed, xylose was present in the 
material from fraction 1 and arabinose in ma- 
terial from fraction 2, confirming the presence 
of galactosamine and glucosamine in the re- 
spective fractions. 

The results of chromatographic analysis for 
sugars and uronic acids from fraction 1 (4 
solvent systems) and fraction 2 (2 solvent sys- 
tems) are summarized in Table I. A uronic 
acid with same mobility and same color as 
glucuronic acid after aniline hydrogen phthal- 
ate staining and differing from galacturonic 
acid was present in hydrolyzates from fraction 
1. The Dische procedure(11) confirmed the 
presence of uronic acid in fraction 1. No 
uronic acid was seen on chromatograms of 
fraction 2. The results of application of the 
Dische procedure to fraction 2 were somewhat 
equivocal; in a sample of fraction 2 several 
times larger than that of fraction 1, there was 
a small peak in absorption curve at 530 mp, 
the peak for uronic acids. However, at no 
time during the procedure was the color of 
this sample like that of any other samples 
tested, which included fraction 1, CSA, and 
sugars. If uronic acid was present, the com- 
pound of which it was a part must have been 
only a minor component of fraction 2. 

Small amounts of glucose were found in all 
samples, including the resin blank. (A strong 
glucose spot was present in samples obtained 
by subjecting a few fibers of Kleenex to the 
hydrolytic and chromatographic procedures). 
About twice as much galactose was seen in 
fraction 2 as in fraction 1; it was sometimes 
present in small amounts in CSA but never 
in the resin blank. A faint spot with the Rr 
value of mannose or arabinose was seen on 
chromatograms of fractions 1 and 2 run in the 
butanol-pyridine-water solvent system but not 
in the Fischer-Dorfel system. Another sugar 
with the Ry value of lyxose or xylose and giv- 
ing the red color reaction to aniline hydrogen 
phthalate characteristic of pentose sugars was 
always present in samples of fractions 1 and 2. 
It was not found among hydrolysis products 
of CSA, except in one case when CSA was 
electrophoresed prior to hydrolysis. An elu- 
ate of a large amount of paper that had been 
carried through the electrophoresis procedure, 
was hydrolyzed, and the products chromato- 
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graphed. There was a barely perceptible spot 
at the xylose position. Therefore, the pentose 
sugar found in the mucopolysaccharide hy- 
drolyzates does not come from the paper but 
is either a component of the mucopolysac- 
charides or a breakdown product. 

Discussion. The major constituents of frac- 
tion 1 were glucuronic acid, galactosamine, 
and sulfate, the components of CSA. In ad- 
dition, fraction 1 behaved like CSA when elec- 
trophoresed and chromatographed. The rea- 
son for presence of small amounts of other su- 
gars has not been explained, but they were 
also sometimes found in commercial samples 
of CSA. It seems likely that at least the major 
part of fraction 1 is chondroitin sulfate. 

Attempts to identify fraction 2 have been 
less successful, partly because very small 
amounts of this fraction have been available 
for study. In addition to its staining with 
Alcian blue, the presence of glucosamine in 
fraction 2 identifies it as a mucopolysacchar- 
ide. Its paper-electrophoretic mobility did 
not coincide with that of CSA, heparin, or hy- 
aluronic acid, although it did migrate just in 
front of hyaluronic acid in one system and just 
behind it in another. Galactose appeared 
prominent, and some other sugars may be 
present in small amounts. Polysaccharides 
without uronic acid containing glucosamine, 
sugars, and no uronic acid have been reported 
in calf bone(12,13), in calf and steer bone 
(14), and in connective tissue(15). Their 
presence in human costal cartilage has also 
been suggested(16). The blood group poly- 
saccharides have a similar composition. The 
sugars most often found in these substances 
are galactose, mannose, and fucose. 


The functional significance of the fractions 
described in this account is not known, but 
several possibilities have been suggested (1). 

Summary. Two mucopolysaccharide frac- 
tions have been extracted from blood platelets 
of rats. Paper electrophoresis and paper chro- 
matography of the intact MPS of fraction 1 
and paper chromatography of its hydrolysis 
products show it to be similar to chondroitin 
sulfate. Fraction 2 is probably a uronic acid- 
free mucopolysaccharide. 
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Studies on Specificity of Streptokinase.*! (24495) 


FRANK B. ABLONDI AND JAMES J. HAGAN (Introduced by B. L. Hutchings) 
(With technical assistance of Ralph Clarke and Emma Vergine) 
Research Division, American Cyanamid Co., Pearl River, N. Y. 


The specificity of streptokinase (SK) has 
been studied by a number of investigators (1- 
6) and possible explanations for its inability 
to activate plasminogen of certain animal spe- 
cies have been presented (7a, 7b, 7c, 8, 9). 
Geiger(10) suggested that SK required a com- 
plement-like factor present in human blood to 
activate guinea pig plasminogen which is not 
activatable by SK alone. Subsequent studies 
(11-14) have shown that activation of plas- 
minogen by SK is preceded by reaction of SK 
with a proactivator, to form activator. It 
was also shown that the activator not only 
activated human plasminogen, but was also 
able to activate bovine plasminogen and the 
plasminogen of other species of animals(4) 
refractory to activation by SK alone. The 
purpose of this paper is to report the follow- 
ing: (a) When the plasminogen of a given 
species is activatable by SK, the SK-plasmino- 
gen mixture gains ability to activate plasmino- 
gen of a species refractory to SK. (b) The 
extent of activation observed in the activa- 
table species seems to parallel ability of the 
SK-plasminogen mixture to activate a species 
of plasminogen refractory to SK. 

Materials and methods. Plasmas were ob- 
tained from citrated blood of monkey, horse, 
sheep, goat and cow and from pooled citrated 
blood of cat, dog, rabbit, pig, guinea pig and 
man. Euglobulin fractions were prepared from 
aliquots of each plasma sample as described 
by Milstone(15) and resuspended at concen- 
tration 4 times that of original plasma sample. 
Guinea pig euglobulin was resuspended at 10 
times its plasma concentration. Human plas- 
min was prepared by the method of Sherry 


* This paper was presented in part at Am. Chem. 
Soc. Meetings, Chicago, IIl., Sept., 1958. 

+ The authors are grateful to Miss J. L. Prideau for 
assistance in certain experiments and to Dr. R. J. 
Price for supplying plasmas of the various species. 
We also thank Dr. E. C. De Renzo for helpful dis- 
cussions and suggestions in preparation of this manu- 


script. 


and Alkjaersig (7c). Lysine ethyl esterase 
activity was measured as described previously 
(9) by incubating various dilutions of eu- 
globulin with 30,000 units of SK? and 84 
uMoles of lysine ethyl ester (LEE) for 60 
minutes at 37°C. One unit of lysine ethyl 
esterase (LEEase) activity hydrolyzes 0.84 
uMoles of LEE (1% hydrolysis) under the 
conditions of the assay. Activator activity 
was measured by adding 35 mg of a bovine 
plasminogen preparation(9,16) to lysine ethyl 
esterase test system. Any increase in esterase 
activity was considered to be due to activation 
of the bovine plasminogen by the SK-euglobu- 
lin mixture, since concentration of SK or 
euglobulin employed do not individually ac- 
tivate bovine plasminogen. Plasma fibrinoly- 
tic activity was determined by adding 0.9 cc 
of plasma diluted with equal volume of borate 
buffer to 0.1 cc SK, clotting the mixture with 
0.1 ce rabbit clotting globulin and recording 
the lytic time during incubation at 37°C. Re- 
agents used in this test are described by Chris- 
tensen(17). 

Results. 1. SK activation of plasminogen 
of various species of animals. (a) Fibrino- 
lytic activity of plasma after SK addition. 
Results are tabulated in Table I. In the ab- 
sence of SK all clots were stable for at least 
72 hours. 

(b) LEEase activity of SK activated eu- 
globulins. Extent of activation of plasmino- 
gen by SK was also determined by measuring 
LEFase activity of the formed activator and 
plasmin (13,14,9,16). To reduce the inhibi- 
tor(s) content and to concentrate potentially 
available enzymes, the euglobulin fraction of 
each species was used. Results obtained are 
also shown in Table I. 

The data indicate that ability of SK to in- 
duce clot lysis when added to a plasma, paral- 
lels its ability to induce LEEase activity when 
added to corresponding euglobulin fraction. 

{SK added as Varidase®—Streptckinase-Strepto- 
dornase (Am. Cyanamid Co.). 
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TABLE I. SK Activation of Plasminogen of Vavr- 
ious Species of Animals. 


Fibrinolytic activity* LEEase activity} 


Species > SS 
of plas- 30,000 u 
minogen 600uSK 6000uSK NoSK Sk 
Human incoag.t <Olhe 130 
Cat za is <6.0 130 
Dog ea. 1 min. 8.5 92 
Monkey * <2.0 78 
Rabbit « <6.0 35 
Horse nolysis 2to4hr <2.0 G 
Pig 4 ca. 24hr <2.0 0 
Sheep ze no lysis 0 0 
Cow ‘s 8 aS <2.0 0 
Goat i Re 0 0 
Guinea pig a 2s 9.0 17 


* Values show clot dissolution times. 

+ Such large amounts of plasmin formed that de- 
fibrinogenation probably occurred. 

¢ Values expressed as units of LEEase activity/ 
ml of concentrated euglobulin. 

§ Addition of 200,000 units of SK to cow plasma 
resulted in clot lysis indicating activation of bo- 
vine plasminogen. However, activation is very weak 
since clot lysis results only after 4 to 12 hr. 


2. Activator activity of SK-euglobulin mix- 
tures of various species. The above findings 
suggested that those plasminogens activatable 
by SK might be endowed with a correspond- 
ing activator activity in presence of SK. Mix- 
tures of various dilutions of euglobulins and 
30,000 units of SK were assayed for LEEase 
activity in the presence or absence of bovine 
plasminogen.{ Those species activatable by 
SK displayed activator activity (Fig. 1). 
Those species incapable of activation by SK 
showed no activator activity (data not 
shown). Even though guinea pig euglobulin 
was slightly activatable by SK|| no activator 
activity was observed. 

3. Activation of plasminogens not activa- 
table by SK, by a mixture of SK and human 
plasminogen. Fig. 1 shows that the SK- 
human euglobulin mixture appeared to be the 
most effective activator of bovine plasmino- 
gen. It was of interest, therefore, to deter- 
mine ability of this mixture to activate those 
species of plasminogens not activated or only 
poorly activated by SK. The procedure was 
essentially that used in previous experiment 


§ pH optimum and effect of SK and/or euglobulin 
concentration for each species were not determined. 

|| It should be recalled that bovine and pig plas- 
minogens are also weakly activatable by SK and 
similarly do not display activator activity. 


except that the activating mixtures were com- 
posed of 30,000 units SK and 7.5 or 15 mg 
of dried human plasma (1 cc of plasma 
yielded 125 mg of dried powder on lyophiliza- 
tion). Bovine plasminogen used in experi- 
ments shown in Fig. 1 was replaced by 0.5 
ml of the euglobulin fraction of the species to 
be activated. The results are summarized in 
Table II. 

These results are in accord with those re- 
ported in the literature(4,5,12,14) and indi- 


% Hydrolysis of Lee 


By 2 


Undil. 1/8 1/4 1/2 
Dilution of Animal Euglobulin 


Undil. 


FIG. 1. LEEase (@) and activator (©) activity 
of a mixture of SK and animal euglobulins (see 
text for details of assays). 
cate that a mixture of SK and human plasma 
is capable of activating those species of plas- 

minogen not activatable by SK alone. 

4. Inhibition of human plasmin by various 
animal plasmas. Ability of glycerol activated 
human plasmin (7c) to hydrolyze LEE in the 
TABLE IT, Activation of Animal Euglobulins by 

a Mixture of SK and Human Plasminogen. 

% hydrolysis of LEE* 


15 mg 7.9 mg 
human plasma human plasma 


Species of 
euglobulin 


Horse 48 45 
Sheep 24 15.5 
Pig 18 14.5 
Goat 12.5 3.0 
Guinea pig 74.5 43 


* LEEHase activity due to SK and human plasma 
alone was subtracted to obtain values shown. 
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TABLE TIT. Inhibition of Human Plasmin by 
Various Animal Plasmas. 


Species of plasma 
added to human Units of 


oO 
plasmin and LEE LEEase activity inhibition 


None 336 

Human 216 36 
Dog 168 50 
Sheep 144 58 
Cow 96 72 
Horse S4 AS) 


presence of plasma of various species was also 
investigated. The plasmin assay using LEE 
has been described(9). An equivalent amount 
of each plasma was added to various dilutions 
of plasmin and these mixtures were assayed 
for LEEase activity. The extent of inhibition 
of human plasmin by each plasma is tabulated 
in Table III. The plasma of all species 
studied showed a partial inhibition of plasmin 
activity. The quantity of inhibitor in a par- 
ticular plasma must therefore determine in 
part the observed extent of activation of a 
given species of plasminogen. 

Discussion. The data of our experiments 
show that the degree of fibrinolytic and LEE- 
ase activities induced by addition of SK to a 
given species of plasminogen parallel each 
other. That addition of small amounts of hu- 
man plasminogen to a species of plasminogen 
refractory to SK activation leads to activation 
of the refractory plasminogen (Table II) is 
in accord with observations from many lab- 
oratories(4,5,10,11,12,13,14,19). Our experi- 
ments also show that any species of plas- 
minogen activatable by SK forms, upon mix- 
ture with SK, an activator of a refractory 
plasminogen (Fig. 1). 

The following reactions have been proposed 
to represent activation of plasminogen by SK: 
1. SK + proactivator (X) —— activator 
(SKX) 2. Activator (SKX) ++ plasminogen 


enzymatic 
eae plasmin. Astrup and Millertz 


and their associates(8,18) and others(13,14) 
have suggested that inability of SK to activate 
plasminogen of certain species might be due 
to a deficiency of proactivator. This theory 
considers proactivator to be distinct from 
plasminogen. As a result of studies on the 
nature of proactivator and plasminogen in 
human plasma fractions, a simpler hypothesis 


was proposed in which plasminogen and pro- 
activator were considered to be identical (7a, 
9,19). Alternative suggestions, other than 
proactivator deficiency, were advanced to ex- 
plain the inability of SK to activate refractory 
plasminogens. 

Unfortunately, the data obtained in the 
present studies do not help preferentially to 
support or eliminate either of these concepts. 
Two other points of possible interest appear 
worthy of comment. First, the net plasmin 
activity observed for a given plasma sample 
must depend in part on the amount of plas- 
min inhibitor(s) present (Table III). Sec- 
ond, activation (Table I) of refractory plas- 
minogens by large amounts of SK suggests 
that an inhibitor(s) of SK must be overcome 
before activation can occur. If the reaction 
depicted in equation (1) above is valid, small 
amounts of SK might be expected to activate, 
albeit weakly, a poorly activatable species of 
plasminogen. The presence or absence of SK 
and/or activator inhibitors and not the con- 
centration of proactivator could be a primary 
factor governing the activation of a given spe- 
cies of plasma or plasma fractions by SK. 

Summary. 1. Ability of SK to activate the 
fibrinolytic system in plasma or euglobulin 
fractions of various animal species has been 
studied. 2. Human, cat, dog and rabbit plas- 
minogens were readily activated by SK. Pig, 
horse and cow plasminogens were much less 
readily activated. Sheep, guinea pig and goat 
plasminogens were not activatable by concen- 
trations of SK employed. 3. When SK is 
able to induce formation of a fibrinolytic sys- 
tem on addition to a given species of plasma 
or euglobulin fraction, that particular mix- 
ture gains ability to activate plasminogen of 
an animal species not activatable by SK alone. 
4. Mixtures of SK and a species of plasmino- 
gen in which fibrinolysis or LEEase activity 
does not occur are incapable of activating plas- 
minogens refractory to SK activation. 5. 
Addition of plasma from all animal species 
studied partially inhibits the LEEase activity 
of a spontaneous plasmin preparation. 6. 
Possible implications of these findings are 
briefly discussed. 
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J. E. DesmMEpT aNp K. MEcHELSE (Introduced by P. Weiss) 
Laboratoire de Pathologie générale, University of Brussels, Belgium 


Studies by Hernandez-Peon and others(1,2) 
on conscious cats with chronically implanted 
electrodes have shown that voltage of the re- 
sponse evoked in the cochlear nucleus by a 
standard sound decreases reversibly when the 
animal’s attention shifts from acoustic to 
other sense modalities. It so appears that ir- 
relevant information can be prevented from 
entering the brain further than the first relay 
nucleus on the afferent path. The centrifu- 
gal pathways thrown into operation under 
such circumstances and which must convey 
the influence of higher levels of the nervous 
system to the gating process are unknown. 
The suggestion is currently put forward that 
the brainstem reticular formation, which is 
known to regulate the excitatory state of the 
cerebral cortex(3), might also exert a direct 
control over sensory input(e.g. 4). We feel 
however that a good case can be made for 
distinguishing the neurophysiological proc- 
esses underlying attention and perceptual se- 
lectivity from the reticular arousal mechan- 
ism, the latter being non-specific in its intrin- 


* This work was supported by grants from Rocke- 
feller and Lekime Foundations and from the U. S. 
Air Force. 


sic operation. Direct evidence in favor of 
such a dissociation has been provided by acute 
experiments on cats showing that cochlear nu- 
cleus response to sound could be suppressed 
by brainstem stimulation(5,6). The anatomi- 
cal distribution of electrode locations from 
which such inhibitory effects were observed 
was quite restricted, and it was certainly not 
coextensive with the reticular formation. In- 
deed the positive points were situated later- 
ally to the accepted limits of the reticular 
formation and in the close vicinity of the 
lateral lemniscus and inferior colliculus(6). 
The structures stimulated in these experi- 
ments apparently represent links on a very 
specific acoustic descending inhibitory path- 
way which, as shown in the present paper, can 
be traced further cephalad in the diencepha- 
lon. 

Methods. The experiments were made on 
adult cats immobilized with decamethonium 
or flaxedil (gallamine) and artificially ven- 
tilated. The initial surgical preparation was 
performed under ether anesthesia. Skin in- 
cisions were infiltrated with procaine. Elec- 
trical stimulation of deep structures in the 
brain and recording from the cochlear nu- 
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FIG. 1. Cat A 84, 3.2 kg. A, B and C, cathode-ray 
oscillograms of responses of right ventral cochlear 
nucleus to a near-threshold click. Four to 5 sweeps 
have been superimposed in each record to eliminate 
random fluctuations in response amplitude. Nega- 
tivity of active recording electrode drives the trace 
upward. A, before, and B, during stimulation of 
inhibitory point in right diencephalon with shocks 
of 0.5 msec., 6 volts at 150/see. C, just after farad- 
ization. D, frontal section in an oblique 45° plane 
(see 7). Spielmeyer method for myelin. Arrow 
points to trace of stimulating electrode. H#, frontal 
section in 45° oblique plane through posterior part 
of ventral cochlear nucleus to show location of re- 
cording electrode (arrow). Spielmeyer method. 
Abbreviations. Bei, brachium ecolliculi inferioris. 
Ci, colliculus inferior. Cr, corpus restiforme. Cs, 
colliculus superior. Gm, nucleus geniculatus medi- 
alis. Lm, lemniseus medialis. Ned, nucleus coch- 
learis dorsalis. Nev, nucleus cochlearis ventralis. 
Os, oliva superior. Pe, pedunculus cerebri. 


cleus were effected with bipolar stainless steel 
needles oriented stereotaxically. These elec- 
trodes tapered to about 50 » and were insu- 


lated to the tip with varnish. The electronic 
equipment included Grass stimulator model 
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S4C, differential preamplifier and DuMont 
oscilloscope. Monaural acoustic stimulation 
was performed with click emitted by a PDR- 
10 earphone. The sound was directed to the 
ear-drum through a short rubber tube and the 
hollow ear-bar of the stereotaxic instrument. 
Precise anatomical control of electrode posi- 
tions was facilitated by depositing iron elec- 
trolytically from the electrode tip at critical 
points. After completion of experiment, the 
cat’s head was perfused with 10% formaline, 
ferrocyanide being added to give a prussian 
blue reaction with the iron. Serial sections 
were prepared from each brain and stained 
with the Niss] and Spielmeyer methods. 
Results. In our current electroanatomical 
study of acoustic centrifugal pathways, we try 
to delimit for each frontal level in the brain, 
the regions, stimulation of which will suppress 
acoustic input recorded at the first relay nu- 
cleus. The test used is the potential wave 
evoked in the ventral cochlear nucleus by a 
near-threshold homolateral click (Fig. 1,A). 
No attempt is made to isolate cochlear units 
in the records. Then trains of electrical stim- 
uli at 100-200/sec are delivered to a separate 
electrode inserted (vertically in the present 
series) into the diencephalon. This electrode 
is moved in millimeter steps to explore the re- 
gion systematically until an inhibitory effect 
on cochlear nucleus response to click is re- 
corded (Fig. 1,B). Asa rule inhibition is not 
observed after a single shock. It appears dur- 
ing faradization and dissipates quickly when 
stimulation is withdrawn (Fig. 1,C). Another 
similar experiment on a different cat is illus- 
trated (Fig. 2, A to C) to show that clear-cut 
suppression of acoustic input can be consis- 
tently produced by repetitive stimulation of a 
critically-localized area in the posterior dien- 
cephalon. This area (Figs. 1,D and 2,D) does 
not correspond to a readily definable ana- 
tomical structure and it certainly includes 
fiber tracts and cell components which remain 
to be elucidated. It is situated on the mesial 
aspect of the nucleus geniculatus medialis and 
dorso-laterally to the lemniscus medialis and 
to the rostral reticular formation. The region 
is very restricted and does not belong to the 
classical auditory pathway in the sense that 
clicks generally evoke no potential from it. 


EIG. 2, Cat A99. 2:8 kg. 
grams of 4-5 superimposed responses of left ven- 
tral cochlear nucleus to a near-threshold click. A, 
before, and B, during faradization of inhibitory 
point in left diencephalon with shocks of 0.5 msec, 
7 volts at 150/see. C, just after faradization. D, 
frontal section in 45° plane showing trace of stim- 
ulating electrode (arrow). Spielmeyer method. J, 
frontal section in 45° plane through middle part of 
ventral cochlear nucleus showing trace of recording 
electrode (arrow). Toluidine blue stain. 


By contrast, when the thalamic electrode is 
inserted more laterally in the same frontal 
plane, acoustic responses can be recorded (in 
the nucleus geniculatus medialis) but faradi- 
zation of these points has not suppressed 
cochlear response. 

That the phenomenon recorded in these ex- 
periments is genuine inhibition and not oc- 
clusion by possible antidromic stimulation of 
cochlear axons is indicated by the last-men- 


A, B and C, osceillo- ° 
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tioned results showing that points stimulated 
are close to, but not within the ascending au- 
ditory pathway. Moreover a single shock ap- 
plied to these points evokes no antidromic po- 
tential in cochlear nuclei, which in fact do not 
seem to project fibers further cephalad than 
the midbrain. 

As found previously(6) repetitive stimula- 
tion of an inhibitory point situated on any 
one side of the brain suppresses the acoustic 
potential recorded both in right and left 
cochlear nuclei. The centrifugal pathway 
thus possesses commissural connections which 
enable it to control simultaneously acoustic 
input from both ears. 

Comment. Little is known about how sen- 
sory messages are translated into conscious 
perception, but a promising start has been 
made in this direction by analyzing how the 
brain deals with messages according to its 
interest in them. Clearly irrelevant stimuli 
can be screened out at quite early stages in 
the afferent pathway(1,2) and the sensory 
information is only handed over to the cere- 
bral cortex after having been subjected to a 
sort of “editing which emphasizes the impor- 
tant items and sets the unimportant aside” 
(8). 

The present experiments relate to the prob- 
lem because they provide the first physio- 
logical evidence for a specific descending in- 
hibitory pathway, the function of which is 
presumably to modulate acoustic input to the 
brain. The descending pathway has been 
traced at the level of midbrain(6), of the 
posterior diencephalon (this paper) and fur- 
ther cephalad (to be published). It seems 
very restricted and the stereotaxically oriented 
electrodes have to be placed at critical points 
to produce the effect. In some experiments 
no inhibition was seen although the prepara- 
tion seemed in good condition; in many of 
these cases anatomical study of the brain 
showed subsequently that the stimulating elec- 
trode had narrowly missed the critical region 
and had been inserted somewhat more 
medially or laterally. 


The evidence indicates consistently that we 
are dealing with a quite specific descending 
pathway which seems to be operated by 
higher levels of the brain. It does not sub- 
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stantiate the hypothesis that the brainstem 
reticular formation might control acoustic in- 
put through direct reticulo-cochlear fibers. 

Summary. 1. Electrical responses to clicks 
were recorded from the ventral cochlear nu- 
cleus in curarized cats, and the effect thereon 
of brain stem repetitive stimulation was inves- 
tigated (stereotaxic method). 2. Clear-cut 
inhibition of the cochlear nucleus response to 
click was recorded when a critically-localized 
region of the posterior diencephalon was 
stimulated. 3. These and previous results 
provide the first physiological evidence for a 
specific extra-reticular descending pathway, 
presumably enabling higher levels of the ner- 
vous system to control acoustic input. 
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Paper Electrophoresis of Duodenal Fluid from Patients with Cystic Fibrosis 


of Pancreas. 


(24497) 


Date D. J. CHopos,* Ropert S. Eryt anp VINCENT C. KeLieyt 
Dept. of Pediatrics, University of Utah College of Medicine, Salt Lake City 


Farber(1) suggested that the basic path- 
ology in patients with cystic fibrosis of the 
pancreas resulted from abnormal mucous se- 
cretion. In patients with meconium ileus, a 
common manifestation of cystic fibrosis, the 
meconium has been demonstrated chemically 
by Rapoport and Buchanan(2) to contain an 
abnormal mucoprotein and electrophoretically 
by Green, Clarke, and Shwachman(3) to have 
an abnormal protein component. Recently di 
Sant’ Agnese et al.(4), using precipitation 
with a benzene-alcohol mixture, have demon- 
strated an abnormal mucoprotein in the duo- 
denal fluid in children with cystic fibrosis. 

In our studies, samples of duodenal fluid 
from children with cystic fibrosis were exam- 
ined by paper strip electrophoresis and the 
results compared with those observed in con- 
trol children. 

*Part of this work was done during tenure as 
trainee on grant from Inst. for Arthritis and Metab. 
Dis., N.I.H. Present address: 539 2nd St., Idaho 
Falls, Idaho. 

+t Present address: Dept. of Pediatrics, Univ. of 
Arkansas Med. Center, Little Rock. 

+ Present address: Dept. of Pediatrics, Univ. of 
Washington College of Medicine, Seattle, 


Methods. Ten children with cystic fibrosis 
were studied, 6 with this diagnosis considered 
but ruled out by laboratory studies, and 2 
normal children. Following intubation, in 
most instances with fluoroscopic or x-ray veri- 
fication of the position of the duodenal tube, 
duodenal fluid was collected in an ice bath. 
After centrifugation the fluid was frozen until 
used for electrophoretic study. A volume of 
.04 cc of the fluid was applied to Schleicher 
and Schuell (No. 2043A-mgl) filter paper 
strips in Spinco Model R electrophoresis cell. 
A veronal buffer of pH 8.6 and ionic strength 
0.075 was used with constant current of 2% 
ma applied for 16 hours. Following electro- 
phoresis the strips were dried at 120°C for 
30 minutes, fixed in absolute methanol for 6 
minutes, stained with Bromphenol Blue Dye 
(Spinco) in alcoholic solution for 30 minutes, 
rinsed 3 times in 5% acetic acid, dried at 
120°C for 15 minutes, and placed in ammonia 
fumes for 15 minutes-4 hours to enhance color 
development. Then they were read immedi- 
ately with Spinco RA Analytrol, utilizing 1% 
mm slit, 500 mu interference filters, and a 
B-5 cam. 
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FIG. 1. Duodenal fluid protein pattern: 
mal, (B) and (C) eystie fibrosis. 


Results. The duodenal fluid from each pa- 
tient with cystic fibrosis had an abnormal 
electrophoretic component not present in any 
samples obtained from the 8 control subjects. 
Fig. 1 shows typical electrophoretic patterns 
obtained on duodenal fluid from a normal 
child and from 2 children with cystic fibrosis. 
In each instance a photograph of the paper 
strip and a reproduction of the analytrol pat- 
tern is shown. The peak labeled E represents 
the point of application of the sample to pa- 
per strip and the other peaks are designated 
arbitrarily as F, D, C, B, and A. In duo- 
denal fluid samples from the 8 control chil- 
dren there was but little electrophoretic mi- 
gration and only the peaks F, E and D were 
found. On the other hand, in each sample 
obtained from 10 patients with cystic fibrosis 
there was migration past the D fraction, the 
major portion of this more rapidly migrating 
material appearing in fraction A. The elec- 
trophoretic mobility of this material in frac- 
tion A was identical with that of the albumin 
fraction in normal human serum by compar- 
ing patterns obtained when samples of normal 


(A) Nor- 
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serum and cystic fibrosis duodenal fluid were 
submitted to electrophoresis simultaneously 
under identical experimental conditions. 

The test of di Sant’ Agnese et al.(4) for ab- 
normal mucoprotein in duodenal fluid was 
performed on most of the cystic fibrosis pa- 
tients and consistently was found to be posi- 
tive. However, there was no correlation be- 
tween quantity of abnormal mucoprotein and 
quantity of abnormal protein component A 
in individual duodenal fluid samples. In ad- 
dition, periodic-acid-Schiff staining of strips 
revealed no difference between normal subjects 
and cystic fibrosis patients with regard to dis- 
tribution of mucoproteins in the duodenal 
fluid. 

Discussion. Although there is little infor- 
mation available regarding electrophoresis of 
human duodenal fluid, several electrophoretic 
studies of pancreatic juice in rats and dogs 
have been reported(5-9). In contrast to the 
small number of protein fractions in the duo- 
denal fluid from human controls in our in- 
vestigation, the studies in animals all demon- 
strated 4-7 fractions. Munro and Thomas 
(5) found that none of the fractions obtained 
by free electrophoresis of canine pancreatic 
fluid correlated with the albumin fraction in 
serum but that the fractions did appear to 
correlate with the globulin serum fractions, 
alpha-1, alpha-2, beta, and gamma respec- 
tively. 

The fast moving fraction A in cystic fibrosis 
duodenal fluid may correspond to the abnor- 
mal peak found by Green ef al.(3) in me- 
conium of patients with meconium ileus; this 
latter peak also had a mobility identical with 
the albumin peak of normal human serum. 
In their study and ours evidence was obtained 
indicating that the rapidly migrating abnor- 
mal protein fraction demonstrated by electro- 
phoresis does not correspond to the abnormal 
mucoprotein described by di Sant’ Agnese et 
al.(4) in duodenal fluid of patients with cystic 
fibrosis. Although the identity of the material 
in fraction A with serum albumin has not been 
proved, the evidence strongly suggests that 
the proteins in duodenal fluid of cystic fibrosis 
patients are serum proteins. The possibility 
should be considered that all duodenal fluid 
originally contains serum proteins but in the 
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normal individual these are hydrolyzed rap- 
idly by pancreatic enzymes, whereas in cystic 
fibrosis patients such hydrolysis does not oc- 
cur and the serum proteins remain detectable 
in the duodenal fluid. 

Regardless of the exact nature of the ma- 
terial represented by the faster moving elec- 
trophoretic components of duodenal fluid from 
cystic fibrosis patients, the mere existence of 
these components is of clinical significance. 
If further study confirms the observation re- 
ported here that a difference regularly exists 
between the electrophoretic patterns of duo- 
denal fluid in cystic fibrosis patients and those 
in normal subjects, an additional simple lab- 
oratory test will be available for use in es- 
tablishing the clinical diagnosis of cystic 
fibrosis. 

Summary. Duodenal fluids from patients 
with cystic fibrosis of the pancreas and from 
control subjects were studied by paper strip 
electrophoresis. Components with greater 
electrophoretic mobility than any in normal 


duodenal fluid occurred consistently in cystic 
fibrosis duodenal fluids. The most rapidly 
migrating of these fractions was identical in 
electrophoretic mobility to the albumin frac- 
tion of normal human serum. 
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Adaptation of Calcein Titration Method for Calcium Determination 


in Tissues Without Ashing.* 


(24498) 


Roy G. HERRMANN 
Lilly Research Labs., Indianapolis, Ind. 


Determination of calcium in a large num- 
ber of serum and tissue samples would be fa- 
cilitated by a method that is simple and rapid, 
and does not require the cumbersome ashing 
of tissues in a platinum crucible. Recently 
several titration methods(1,2,3) have been 
published but they still require ashing of tis- 
sues. The present study was undertaken to 
adapt the calcein (a fluorescent dye) titration 
method of Diehl and Ellingboe(4) as modified 
by Ashby and Roberts(1) to determination of 
calcium in tissues and milky lipemic serum 
without the necessity of ashing. Since minor 
modifications were made and additional steps 
added, the entire procedure is described for 
the sake of continuity. 

* The author is indebted to Mr. F. A. Smith for 
serum calcium determinations by the Clark-Collip 
method. 


Materials. (1) Titration box. Titration 
end-point of light green fluorescence is seen 
in the dark under ultraviolet light as the only 
illumination. Since a dark-room is not al- 
ways available, a cardboard box, 2 x 3% x 5 
inches in dimensions, has been modified for 
this purpose and is shown in Fig. 1. (2) A 
1 ml microburette, reading to the fourth deci- 
mal place; (3) a long-wave ultraviolet lamp; 
and (4) a piece of PE 10 polyethylene tub- 
ing attached to 27 gauge needle which in turn 
is attached to compressed air line and is used 
for mixing during titration. All glassware is 
preferably rinsed in dilute acid followed by 
a thorough rinsing with distilled water to 
avoid calcium contamination. 

Reagents. (1) Concentrated HNOs, re- 
agent grade; (2) 1 N HNOs; (3) 1.5 N 
KOH; (4) saturated ammonium oxalate solu- 
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FIG. 1. A, cardboard box 2 X 3% X 5 inches, 
painted black inside; B, titration tube; C, 4% inch 
diameter hole 2 inches from front of box, into 
which titration tube fits snugly; D, opening in 
front of box to admit ultraviolet light; ultraviolet 
lamp should completely cover opening so as to pre- 
yent entrance of outside light; E, opening in front 
of mirror; F, mirror to reflect titration. 


tion; (5) concentrated NH,OH; (6) methyl 
orange pH indicator solution; (7) approxi- 
mately 0.001 M disodium dihydrogen ethyl- 
enediamine tetraacetate (EDTA) solution; 
(8) calcein indicator solution: dissolve 8 
mem calcein in 0.2 ml of 1 N NaOH and then 
add water to make total volume of 100 ml; 
(9) standard calcium solution for titration: 
100 pg Ca/ml; (10) 2 N NaOH solution con- 
taining 1% NaCN; (11) n-octyl alcohol. All 
reagents are prepared with redistilled Ca-free 
water. 

Procedure. (1) Tissue preparation. Into a 
small test tube, graduated at 1 ml, place 0.5 
ml of 1.5 N KOH and a known weight of tis- 
sue or volume of serum and heat in water 
bath at about 80°C until test material is di- 
gested. For normal rat tissues we used about 
250 mg liver, 100 mg aorta and 0.1 ml serum/ 
ml of KOH digest to obtain adequate calcium 
concentration for analysis. After the tissue is 
digested, add 0.1 ml of concentrated HNO, 
and sufficient redistilled Ca-free water to 
make a total volume of 1 ml, mix with a 
footed glass rod and let stand for about half 
an hour. Mix again and centrifuge. Trans- 
fer a known aliquot of supernate, 0.8 ml or 
less as required, to a clean test tube, 14 x 100 
mm, add 1 drop of methyl orange indicator 
and make alkaline to the indicator by drop- 
wise addition of concentrated NH,OH. Add 
1 ml of saturated ammonium oxalate, mix and 
let stand overnight. The next morning cen- 


trifuge and remove the supernate by aspira- 
tion, being extremely careful not to disturb 
the precipitate. Do not use an angle centri- 
fuge because this makes it difficult to remove 
the supernate without losing some of the pre- 
cipitate. Add 0.5 ml of 1.5% NH,OH to 
wash the precipitate and again centrifuge and 
remove supernate as before. Add 2 drops of 
1 N HNO, and heat gently to dissolve cal- 
cium oxalate precipitate. (2) Titration. Place 
tube into titration box and illuminate with 
ultraviolet light. Add 1 volume of EDTA 
solution and 1 ml of calcein indicator solution. 
It is absolutely essential that the identical 
volume of EDTA solution be delivered each 
time. This is readily accomplished with a % 
ml hypodermic syringe fitted with 24 gauge 
needle. Add 1 drop of n-octyl alcohol to pre- 
vent foaming and mix by bubbling air through 
the solution by the polyethylene tubing. Add 
5 drops of 2 N NaOH solution containing 1% 
NaCN. If necessary, repeat EDTA addition 
until fluorescence disappears, indicating that 
all the calcium has formed a complex with 
EDTA. Add _ sufficient redistilled Ca-free 
water to make final volume of EDTA solution 
plus water 2 ml. Now titrate with standard 
calcium solution until a light green fluores- 
cence persists, indicating an excess of free cal- 
cium in solution. Also titrate directly 1 vol- 
ume of EDTA solution to standardize the 
EDTA solution and use a reagent blank car- 
ried through the entire procedure to check 
reagent contamination with calcium. The 


TABLE I. Serum Caleium Determinations. 


Calcium cone., mg/100 ml 
After parathyroid 


Normal hormone 
Clark-Collip Present Clark-Collip Present 
method procedure method procedure 
10.40 10.42 14.60 14.60 
10.60 10.98 13.40 13.68 
10.90 10.57 15.40 15.06 
11.30 11.36 15.50 15.98 
10.90 11.38 14.00 14.36 
10.90 10.86 13.80 14.02 
10.90 11.39 15.00 15.48 
11.00 11.52 15.00 14.50 
10.00 10.17 12.70 14.01 
11.20 11.76 14.50 16.01 
10.81* 11.04 14,39 ail 
+ .20 + .28 + .28 + .25 


* Mean + S.E. 
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amount of calcium titrated is then calculated 
by difference. 


Results. For preparation of the tissue it 
was essential to obtain a relatively clear su- 
pernate and to insure complete solution of 
calcium present. To satisfy the latter re- 
quirement an acid solution was desirable. 
Trichloroacetic acid, sulfuric acid, and hy- 
drochloric acid interfered with titration, but 
nitric acid gave satisfactory results. 


For convenience, the validity of the present 
procedure was investigated in 2 steps. First, 
determination of calcium in dog serum was 
compared with the Clark-Collip method(5) 
as outlined in the USP XV(6) for assay of 
parathyroid hormone. The results (Table I) 
show good agreement. Secondly a tissue KOH 
digest was prepared. An aliquot of this was 
ashed in a platinum crucible in the usual man- 
ner. After ashing, the residue was dissolved 
in HNOs, then analysed for calcium by the 
present procedure, starting with the oxalate 
precipitation. A second aliquot was processed 
as outlined above. The results presented in 
Table II show that tissue ashing was not 
necessary. 


Further studies indicate that good recovery 


TABLE II. Tissue Calcium Determination. 


Liver calcium, mg/100 g wet tissue 
With ashing Without ashing 
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* Mean + S.E. 
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TABLE IIT. Recovery Studies. 


With ashing 


ue See ae = ie oe ON 
calcium ygre- % re- 


Without ashing 


wgre- YF re- 


Tissue added covered covery covered covery 
ae a ee a ak PE LE 
Liver 10 9.0 90 8.8 88 
10.2 102 9.7 97 
9.0 90 
wy 91 
20 19.6 a0 19.8 99 
20.3 101 
40 39.5 oo 39.1 98 
38.9 i 35.5 89 
37.9 95 
39.3 98 
37.1 93 
Aorta 5 4.6 92 
4.3 86 
10 10.5 105 
20 18.8 94 
40 38.0 95 
33.2 83 
Serum 5 5.5 110 
40 38.0 95 
NiBis 94.7 
2.02 =talag 


* Mean + S.E. 


of calcium, added to the tissue just prior to 
KOH digestion, was obtained. These results 
are presented in Table ITI. 

Summary. A convenient and rapid pro- 
cedure is presented for determination of cal- 
cium in tissues and lipemic serum without the 
necessity of ashing. 
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Decreasing “Amino Acid Hunger” of Human Muscle with Age.* 


(24499 ) 


Hatvor N. CurIsTENSEN, Doris H. Toompson,t SHELDON Market 
AND MAHMOUD SIDKY 
Depts. of Biological Chemistry and Surgery, University of Michigan Medical School, Ann Arbor 


Recently we reported that the extent to 
which various tissues of the rat concentrate the 
non-metabolizable amino acid a-aminoisobu- 
tyric acid (AIB) steadily decreases with age 
(1,2). For example, at 50 g body weight the 
level estimated for muscle cell water averages 
over 4.5 times the serum level, whereas at 350 
g the ratio is only about 2.5 to 1. AIB was 
selected for these experiments because it does 
not enter catabolism or protein synthesis, 
thereby permitting isolation for study of the 
transport process, which it enters in typical 
manner(3,4). The present communication 
reports a very similar observation in man. 


Methods. Male patients without apparent 
disturbances of general metabolism, hydration 
or circulation were selected, who were also 
candidates for surgical procedures in which 
muscle samples probably could be obtained 
with minimal harm. A sterile solution of 1.43 
microcuries (143 pg) /kg body-weight of C,!4- 
labeled a-aminoisobutyric acid in 0.5 to 1.2 
ml 0.9% NaCl was injected into the deltoid 
muscle the day before surgery. This dose rep- 
resents 100 microcuries of C'* (10 mg AIB) 
for a 70-kilo man, in a form with roughly 
a one-day biologic half-life and no detectible 
incorporation into body structures. When- 
ever surgery permitted, usually from 0.5 to 
1.0 g of muscle was removed at 19 + 1 hrs 
after injection. (To minimize the radioactive 
dose necessary and for technical reasons we 
allowed 19 hrs for the amino acid to be dis- 
tributed, rather than the 39 hrs allowed in 
the rat.) A blood sample was taken from an 
antecubital vein 2 or 3 minutes later. The 
muscle sample was divided at once into 3 
samples, placed in tared weighing bottles. 
One sample was used for water determination 
by drying at 110°. The second sample was 


* Supported in part by grant from Nat. Cancer 
Tate, INIDEIG, WUES We alse 

+ Successively medical student research fellows in 
Dept. of Biological Chemistry. 


extracted with 0.75 M nitric acid and the 
chloride determined; by comparison with se- 
rum chloride, the content of extracellular and 
cellular water could be estimated(5). The 
third portion of muscle was homogenized by 
the Potter-Elvehjem method, water and 0.1 V 
acetic acid being added to total 10 volumes/ 
g of muscle. The mixture was held at 100° 
ten minutes, then cooled and filtered to yield 
an extract of pH about 5. 0.2 ml portions of 
this extract, or of blood serum, were plated 
in triplicate on stainless steel planchets and 
dried, and the disintegrations counted in a 
Geiger-Miller thin-window counter. Correc- 
tions for self-absorption were determined for 
the tissues used. In a few of the later experi- 
ments where muscle was not analyzed, the 
plasma proteins were precipitated by heating 
plasma diluted 1:4 at pH 5 and removed be- 
fore counting. In this case 0.8 ml of extract 
were plated by applying first 0.4 ml, then tak- 
ing to dryness before applying a second 0.4 
ml portion. The counts per min were referred 
in each case to one gram of cellular or plasma 
water. 

Results. Table I shows that for 3 men in 
their early fifties, the level of AIB calculated 
for muscle cell water was about 2 to 4 times 
the level for plasma water. In contrast, mus- 
cle cells of 2 boys, 2.2 and 3.5 years old, ap- 
peared to concentrate the amino acid 11 times 
with respect to the extracellular phase; for a 


TABLE I. Distribution of AIB between Serum 
and Musele-Cell Water 19 Hours after Injection. 


Serum Muscle 
Age inyr ———— epm/g H,O ——\ Ratio 
2.2 82 903 11.0 
3.5 121 1385 11.6 
9.0* 102 630 6.2 
6 children, 2-9 117 (82-144) 
50 395 1500 3.8 
54 244 961 3.9 
54 636 1480 2.3 


6 men, 34-54 331 (244-636) 


* Girl, elective leg amputation. 
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9-year-old girl AIB was concentrated 6.2 
times. 

The subjects actually showed no great dif- 
ference in their muscle levels of AIB, a finding 
which is not strange because they all received 
the same dose on a weight basis and muscle 
probably is the largest single site of retained 
amino acid. Instead the age difference is ex- 
pressed almost entirely in the plasma level 
necessary to “back-up” the given tissue level. 
Extensive experimentation with various cells 
and tissues has established the concept that 
an ability to retain a given tissue level in the 
face of a lower extracellular level represents 
stronger concentrative activity (6-8). 

A combination of 2 factors, an infrequency 
of patients who met the above criteria on the 
one hand, and reticence on the other, led us 
to take advantage of the observed striking dif- 
ference in plasma levels and therefore to omit 
surgical removal of muscle tissue in the re- 
maining subjects (Table I). These were nor- 
mal persons or convalescent surgical patients. 
A mean 19-hr AIB level for plasma water of 
117 counts/min/g for the 6 children contrasts 
with a mean of 331 counts/min/g for 6 men. 

Two men excreted during the first 3 hrs 
18.2 and 15.6% of the dose, during the sec- 
ond 3 hrs, 6.7 and 8.4%. Total excretion in 
the first 24 hrs of the first subject was 45.6%, 
for the second subject 41.7% in the first 19 
hrs. A 4-year-old boy L.S. excreted 37.0% 
of the dose in 19 hrs. 

The following technic is proposed for ex- 
amining partition of AIB in various endo- 
crinologic disturbances: After intramuscular 
injection all urine is collected for the standard 
interval of, say, 19 hrs. At this point a plasma 
sample is taken and counted. The apparent 
volume of distribution is then calculated, 7.e., 
the volume required to contain the AIB not 
yet excreted if concentration were uniformly 
that found in plasma. This procedure gave a 
volume of distribution at 19 hrs 2.6 times the 
estimated body water for the 34-year-old sub- 
ject M.S., and 5.7 times the estimated body 
water for the 4-year-old LS. 

Fig. 1 shows the apparent volume of dis- 
tribution of residual AIB, compared to cal- 
culated total body water content for an 80- 
kg man who received 190 microcuries of AIB 
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FIG. 1. Gradual increase of apparent volume of 
distribution of residual AITB remaining in 80 kg 
man (H.N.C.). Body water was taken to be 68% 
of body wt. Data on excretion rate appear in text. 


intramuscularly. Average concentration in 
body water is about 4.5 times the plasma level 
at 24 hours. The further increase of the ap- 
parent volume in the second day may repre- 
sent gradual entrance into less accessible com- 
partments; it arises at least partly, however, 
from our neglect of minor routes of AIB loss 
from the body and therefore an increasing 
overestimate of the AIB left in the body. 
Comparison of plasma and urine levels during 
the second day yields a renal plasma clearance 
of AIB of 56 ml per minute, indicating that 
transfer out of the renal tubule back into the 
plasma, whether mediated or passive, is slower 
than for normal amino acids and insufficient 
to establish a gradient in favor of the plasma. 

The respiratory carbon dioxide was col- 
lected as lithium carbonate (4 moles) for the 
first 6 hours of experiment. A slurry in me- 
thanol of the finely ground lithium carbonate 
was plated to infinite thickness on a planchet 
and counted for nearly an hour. The count 
was indistinguishable from background. If 
we take the maximum count to be one/minute 
above background, and the plate to represent 
effectively 25 mg of precipitate/cm? with a 
self-absorption of 86%(9), less than 2200 
counts/min (or 0.002%) were collected from 
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the 111 million counts/minute injected. This 
result compares with a less sensitive earlier 
estimate of maximum catabolism of AIB in 
the rat of 0.02% (1). 

Discussion. Although the test amino acid 
actually was present at very low concentra- 
tions, we believe that we should take the ef- 
fective extracellular level entering the concen- 
tration process for most cells to be roughly 
2 millimolar, representing the sum of the vari- 
ous neutral amino acids of plasma, since the 
concentrative process distinguishes only 
weakly among the neutral amino acids. 

The foregoing effect of age was shown for 
a number of tissues in the rat, and undoubt- 
edly is not limited to muscle in man. Upon 
stunting rats by calorie-restriction extent of 
tissue concentration associated itself more 
closely with body weight than with age(2). 
According to our interpretation, — tissue 
“amino-acid hunger” is quantitatively asso- 
ciated with potentiality for growth or protein 
synthesis. 

Summary. 1. Injected C,;Ma-aminoisobuty- 
ric acid was much more strongly concentrated 
by skeletal muscle in children than in men. 
The greater general uptake by tissues could 
be recognized by the resultant consistently 


lower plasma level in the young. 2. The ab- 
sence of catabolism of this amino acid was 
shown by observation of less than 0.002% of 
the injected C™ in expired air during 6 hours, 
counting respiratory COs. in the form of 
LisCO,. After 24 hours average concentration 
in the body water was about 4 times that 
in the plasma water. A renal clearance of 
56 ml of plasma per min was observed. 
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Changes in Protein and Nucleic Acid Content on HeLa Cells Infected with 


Equine Abortion Virus.*t 


(24500) 


Dorotuy J. Moorr+ AND CHARLES C. RANDALL 
Dept. of Microbiology, University of Mississippi School of Medicine, Jackson 


Study of the effects of equine abortion virus 
(EAV) on hamster liver has been reported 
(1,2). In this host, a rapidly lethal hepa- 
titis usually results in death of the animal 
within 18 hours and is characterized by very 
numerous conspicuous intranuclear inclusions. 
Sequential studies of the infection have shown 
increased RNA and protein in infected nuclei 
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isolated in citric acid, DNA remaining con- 
stant. A search for a better defined, easily 
attainable and readily susceptible system with 
which to investigate further the nature of 
chemical changes induced in hamster liver 
cells infected with EAV led to the use of HeLa 
cultures and this adaptation has been reported 
recently(3). Investigators have utilized tis- 
sue culture to demonstrate certain changes in 
host cell due to virus infection. Kovacs(4) 
demonstrated marked changes in activities of 
9 enzyme systems of poliomyelitis-infected 
Rhesus monkey kidney epithelium. Maassab, 
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Loh, and Ackermann(5) reported a sustained 
high uptake of P** by the nuclear fraction of 
HeLa cells infected with poliovirus, in which 
the quantities of nuclear RNA and DNA re- 
mained fixed. However, the net synthesis of 
cytoplasmic RNA was 2.5 x normal. Levy, 
Rowe, Snellbaker, and Hartley(6) noted a 
rapid and prolonged stimulation of cellular 
uptake of radioactivity of inorganic P** and 
glycine-2-C™, with no change in concentration 
of P, RNA, or DNA of adenovirus type 2- 
infected HeLa cells. In contrast Boyer, 
Leuchtenberger, and Ginsberg(7), by means 
of Feulgen microspectrophotometry, demon- 
strated an increase in DNA content of HeLa 
cells infected with adenovirus, types 1 to 4. 
The data of Newton and Stoker(8) show that 
HeLa cells infected with herpes after 3-4 days 
contain double the DNA content of normal 
cells and little or no RNA, yet number of cells 
obtained from infected cultures increased 
rather than diminished. The results reported 
here are part of a general study of the effect 
of equine abortion virus on susceptible cells. 
Certain changes in protein and nucleic acid 
content of the infected HeLa cell are here re- 
ported. 

Methods. The virus used has been adapted 
to HeLa cells as noted above(3). Tissue cul- 
ture. The strain of HeLa cells used has been 
adapted to horse serum in this laboratory for 
approximately 4 years. Stock cultures were 
grown in a medium consisting of 20% horse 
serum and 80% equal parts of mixture #199 
of Morgan, Morton and Parker(9) and 
Earle’s balanced salt solution (BSS). Sub- 
cultures were established in 250 ml] serum bot- 
tles and fed every other day. Replicate cul- 
tures, 7 days of age, containing approximately 
1 x 10% cells, were washed 3 times with BSS 
to eliminate horse serum. ‘Two or more cul- 
tures were inoculated with 1 ml of virus sus- 
pension containing approximately 10* to 10* 
50% infectious doses (ID; ) and remained 
at room temperature for 30 minutes. Controls 
and infected cultures were incubated at 37° 
C with 10 ml of a 50-50 mixture of human 
ascitic fluid and BSS. After 48 hours the in- 
fected cultures apparently had undergone 
complete cytopathic change. Infected cells 
and maintenance mixture from one bottle of 
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each passage were harvested, frozen and 
ground. The resulting viral suspension was: 
stored at —50°C in sealed vials. Fresh cul- 
tures were inoculated from material of the 
previous passage. Enumeration of nuclei. 
Aliquots (1/10) of each sample were removed 
for nuclei counts utilizing the citric acid 
method of Sanford ef al.(10). At least 2,000 
nuclei were counted in every instance. Chemnzi- 
cal determination. The remainder of sample 
containing a minimum of 10° cells was washed 
4 times with physiological saline frozen and 
lyophilized. DNA, RNA and protein were 
determined in Beckman Model B spectropho- 
tometer using matched silica cells. Method- 
ology for the various chemical determinations 
has been cited(2). The various procedures 
were performed on extracts of whole cells 
rather than on nuclei isolated in citric acid, 
because of the possible loss of protein and 
RNA during citric acid isolation as reported 
by Kay et al.(11). Nucleic acids were ex- 
tracted by the method of Schneider(12) with 
minor modifications as reported by Bracken 
and Randall(2). The important advantage 
of the Schneider procedure as discussed by 
Webb and Levy(13) is that no separation of 
DNA from RNA is required since determina- 
tions are based on characteristic color reac- 
tion for pentoses and desoxypentoses. Rela- 
tive merits of a number of methods are cited 
in this review. Diphenylamine reaction of 
Dische(15) was used to estimate DNA con- 
tent/cell. The results were compared with 
similarly tested controls prepared from puri- 
fied DNA (Mann Laboratories). RNA was 
determined by the orcinol method of Mej- 
baum(14). The results were compared with 
similarly tested standards of commercial yeast 
nucleic acid (Mann Laboratories). All data 
were corrected for DNA interference accord- 
ing to Schneider(12) utilizing similarly 
tested DNA standards. Protein values were 
determined by a modification of the method 
of Robinson and Hogden(2). The protein 
content of whole cell preparations was com- 
pared with Armour’s protein standard and 
crystallized edestin (Worthington Biochemi- 
cal Lab.). 

Results. The data are summarized and 
compared statistically in the accompanying 
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TABLE I. Comparison of Normal and Infected 
Helua Cells.* 


Normal Infected A led 
DNA 31.0 40.2 + 9.2 <.01 
RNA 40.3 41.0 + 27 >.05 
Protein 336.0 525.0 +189.0 <.01 


* All values are expressed as mg X 10-°/cell. 
+ Probability of obtaining a larger value of t by 
chance. Level of significance is P =0.05, 


Table. Values represent quantities/whole 
cell. It is interesting to note that whereas 
DNA and protein are increased significantly, 
total RNA is not changed during infection. 
The DNA and RNA control values for un- 
infected whole cells are similar to that for an- 
other type of tissue culture cell, the L cell, 
as reported by Kuchler, who employed simi- 
lar methods(16). RNA content of normal 
HeLa cells is in agreement with the data of 
Newton and Stoker(8) but their DNA value 
is about %4 that reported here. The problem 
of evaluating data arrived at by different 
methods remains a pressing one. 


It was of interest to determine whether any 
of the material pertinent to the investigation 
could be determined in the maintenance me- 
dium or wash fluid of normal and infected 
cells. Neither RNA or DNA could be de- 
tected in the maintenance fluid by the method 
employed nor protein in the final saline wash 
of the cells. 


Discussion. From our results it is apparent 
that HeLa cells infected with EAV contain 
increased amounts of DNA and protein. The 
latter observation, to our knowledge, has not 
been reported previously. 


Analyses on whole cells have the advantage 
that the constituents under study can be meas- 
ured without loss or change that may occur in 
cell fractionation technics. However, by use 
of the latter method it would be interesting to 
compare nuclear and cytoplasmic RNA and 
protein. The mechanism of the protein in- 
crease is unexplained at present. The possi- 
bility obtains that during the process of infec- 
tion altered cell permeability may permit in- 
creased amounts of protein from the nutrient 
fluid to enter the cell, or the change may be 
attributable to increased protein synthesis. 

Relative to the nature of chemical changes 
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induced by viruses, it does not seem wise to 
equate different viruses or different host cells 
to one another. However, it is of interest to 
note that biochemical changes induced by 
EAV differ in HeLa cells and hamsters. From 
data on hamster liver cell nuclei DNA appar- 
ently remains constant during all stages of 
infection whereas protein and RNA increase. 
Admittedly, these data rest on cell fractiona- 
tion studies and it is possible that there is no 
overall increase of protein and RNA; at least 
there is an increase in nuclear content of these 
constituents. The nature of the increase in 
DNA relative to the infected HeLa cell, which 
is malignant, is not known. 

As far as HeLa cell is concerned, a number 
of virus infections are associated with inclu- 
sions (adenovirus, EAV, herpes) and appar- 
ently result in the induction of increased 
amounts of DNA. On the other hand, 
Maassab, Loh and Ackermann(5) have dem- 
onstrated increase in cytoplasmic RNA in 
poliomyelitis-infected HeLa cells. 

The question invariably arises as to the 
composition of the virus in question. The 
data do not permit an analysis of this prob- 
lem. It is not likely that intracellular virus 
particles in themselves would be present in 
such number as to be detectable by the rela- 
tively gross chemical methods employed. The 
concurring remarks of Newton and Stoker(8) 
are of interest. Bracken(17) has reported 
recently an electron microscopy study of EAV 
in the hamster, liver. The small aggregates 
of intranuclear virus particles are not equiva- 
lent to the large intranuclear inclusion visual- 
ized by the light microscope. 

We have reported increase in certain cellu- 
lar constituents. It is plausible to suggest 
that the increased materials are due to altered 
cell metabolism as a manifestation of virus 
infection. Elucidation of these phenomena 
await further investigation of the infected 
cell and its products. 

Summary. HeLa cell cultures aged 7 days 
were infected with equine abortion virus, in- 
cubated for 48 hours and compared with con- 
trol cultures as to content of RNA, DNA and 
protein. DNA and protein were elevated sig- 
nificantly, whereas RNA was unchanged. The 
observation that cell protein is increased as a 
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result of virus infection of a tissue culture 
system has not been reported previously. 
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